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FOREWORD

This final report under Contract No. DAAI)07-79-C-0122 with

Atmospheric Sciences Laboratory (ASL) at the White Sands Missile Range

describes computerized techniques for the automatic calculation of line-

of-sight integrated concentrations, transmittance and probabi.ity of

detection in a polluted battlefield environment. Specific provision has

been made for automated treatment of atmospheric contaminant sources

typically present in the battlefield. The program incorporates many

features of the Smoke Obscuration Routine and EPAMS programs developed

by the if. E. Cramer Company under previous contracts with ASL and relies

on source description material and source models contained in the E-0

SAEL programs compiled by ASL. This report consists of three volumes.

Volume I describes the various model components, the mathematical rela-

tionships used in the program, and the procedures used to relate the

various program components. Volume II contains users' instructions for

operating the program. Volume Ill contains a listing of the program.

Mr. Robert Umstead, who served as COR for ASL under the

contract until the spring of 1980 and his replacement, Mr. John Marrs,

provided valuable technical guidance in specifying Army requireements and

valuable assistance in assembling the requisite source description data

and source models used in the program.

Accordion For
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SECTION I

INTRODUCT ION

1. 1 BACKGROUND

The Atmospheric Sciences Laboratory (ASL), White Sands Missile

Range (WSMR), New Mexico, has been directed to develop plans and opera-

tional techniques for determining atmospheric effects on electro-optical/

millimeter systems operating in a battlefield environment. The atmosphere

of the battlefield is polluted by smoke, gasses and particles from

artillery shell and bomb bursts, smoke munitions, vehicle traffic and

other battlefield activities. The effectiveness of electro-optical and

tear-millimeter waveleng.h devices can be severely affected by the pre-

sence of these pollutants. The effects of obscurants on sensing devices

are related to the type of obscurant, the integrated line-of-sight
concent'ation (CL), the response of the sensor to attenuation in the

sensor wavelength and other o- :al effects. In turn, CL is directly

- related to the amount of obscu.int released to the atmosphere and the[ dispersion and transport of the obscurant in the atmosphere.

ASL has been conducting and sponsoring major efforts in the

development of appropriate meteorological inputs to disper-siun and

transport models and improved methods for accurately and realistically

describin& the transport and dispersion of natural and battle-induced

contaminants. These efforts include the implementation of automated

procedures for estimating cloud trajectories and dispersion characteristics

downwind from sources oi contaminate material in regions of complex

terrain. The EPAMS program (Dumbauld and Hjorklund, 1977) previously

developed for ASL contains the following teatures Ohat are retained in

the program described in this report:

a Diagnostic analysis routines for calculating the

depth of the atmospheric surface mixing layer and

// ' ,



the wind velocity within this layer from routine

meteorological measurements

0 A diagnostic Hesoscale Wind-Field Model that uses this

infonnation to calculate the wind field and mixing-

layer depth contours above regions of complex terrain

* Diagnostic application routines which use the output

from the mesoscale model routines with input source

characteristics :nd dispersion models to calculate

dosages and concentrations of contaminate material

• Graphics routines to produce displays of the wind-

field solutions, mixing-layer depth contours and

dosage and concentration isopleths as overlays on

the complex terrain contours

Under Contract No. DAEA-18-77-C-0060, the It. E. C(tamer Company added the

MS3 smoke obscuration routine to the EPAMS program (Dumbauld, Saterlie

and Cheney, 1979). The MS3 Routine allows the program user to calculate

line-of-sight concentrtious, transmittance and probability of detection

downwind from standard chemical smoke sources employed by the U. S. Amy.

It is coupled with the EPAMS program in that the diagnostic analysis

routines and diagnostic Mesoscale Wind-Field Model are used to calculate

meteorological inputs representative of the. specific battlefield area of

interest for use in the smoke dispersion models. Many of the routines

used in the MS3 are also used in the new program. As explained below, the

technical objectives of the work described in this report are a logical

continuation of the overall ASL efforts to describe atmospheric effects
on EO systems.



1.2 PURPOSE

The primary purpose of the work described in this report is to

provide a working prototype computerized model for estimating the dis-

persion and downwind transport of contaminants introduced into the lower

atmosphere by the multiplicity of sources typically present in the

battlefield area (dust and smoke from exploding munitions, moving vehicles,

muzzle blasts; smtke from burning vegetation). Further, the computer

program is to provide a means of estimating the line-of-sight (LOS)

concentration, transmittance and probability of detection as affected by

the transport and dispersion of the contaminants. The program is to

perform these functions vith limited meteorological input data and a

minimum of user specification of the source characteristics required by

the computer programn.

1.3 THE AMSORB PROGRAM

The AMSORB (Analysis of Multiple Source Obscurants on the

Realistic Battlefield) prototype computer program has been developed

in response to the purposes stated in Section 1.2 abouv. Figure 1-1 is a

simplified diagram showing the functional elements of the AN-SOR3 program,

which is based on the previously-developed EPAMS program functional

concepts. The Analysis Phase is called by theý AMSORB Executive as a

result of .A standing request for a routine analysis of meteorological

conditions in the battlefield surface mixing layer. The Analysis Phase

extracts available upper-air and surface meteorological data 'rom the

Data B1ase. As shown in Figure 1-1, the Analysis Phase is comprised of

two major elements. The ttixing-Layer Analysis Routine calculates initial-
ization parameters for the Mtsuseale Wind-Field MudL.l, aN well as some

meteorological inputs for direct use in the ApplicatiL: Phase, using

Data Base inputs. The Mesoscale Wind-Field Model calculates wind-velocity
patterns and mixing heights for use in the trajectory/transport *ubelewent

of the Applications Phase. The Analysis Phase does not communicate

gI
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directly with the Applications Phase, but supplies solutions to the Data

Base for subsequent use. The Applications Phase is called by Lhe AMSORB

Executive as a result of a request for in'ormation routed through the

AMSORB Executive. The Trajectory/Transport Routine, Dispersion Moziel

Routine and the MS3 Routine in the Application Phase are iderntic,, to

the corresponding routines previously included in the EPAMS prog i~m and

can be called and used in the same manner. The Battlefield En,"• snment

Routine is the new addition to the program for accompltsttin7 -. -,e calcu-

lation of LOS concentrations, transmittance and probabilX'y of detection

when all types of sources are present on the battlefield. Th- Battle-

field Environment Routine cannot be called by the user iless the user

has first requested, through the AMSORB Executive, source character-

isties for the battlefield scenario from the Data Processor Phase. The

Battlefield Source Characteristien Routine automatically passes the

requisite source characteristics to the Data Base depending on the types

of sources the user specifie.s. The source characteristics routine has

been placed as a separate routine in the AMSORB program to facilitate

updating as new informtion on sourcL characteristic.s bccumes available.

1.4 ORCANIZATION OF T14F REPORT

Many of the automated operations of th• AMSORB Program are

based on eleaints of the EPAMS program dederibcd in the report by Dtui-

bauld and Bjurklund (1977) and tht Smtoke Obbcurattuti Voutint fot ýPAMS

dc-icribed by Dumbauld, Satrlite and Chneoy (1979). To provide the ba•ck-

ground itnformation required to uadcr!taud the conedpt= oi the ANSORB

-> 7program, We have abstracted or zcproucod in thih report so=.e of the

original reports. Section 2 of Valuuw I below cotitaitn a dlscription of

the M6-soteale Wind-FicId Modvl, zhe tr ntport •.id dinicrston Model6., ,and

the oubcur~tion (visibility and probability oi dctaction) wodcls uaid to

the AMSOR5 Prograti. The modcls and procvduro-i used to develop *ourco

eharaeterittiew for the 8attlv.teld F.viriuntct Routino are dsiertbeJ

{,S



in Section 3. Section 4 describes the various model routines in the

AMSORB Program and the analysis routines and other procedures used to

develop model input parameters for these routines. The computer program

structure of AMSORB is outlined in Section 5. Section 6 describes

the results of example calculations made using the AMSORB program.

I
I
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SECTION 2

MESOSCAIE WIND-FIELD MODEL, TR.AJECTORY/TRANSPORT ROUTINE,
AND DISPERSION MODELS

2.1 MESCSCALE WIND-FIELD MODEL

The Analysis Phase of AMSORB uses a numerical modeling tech-

nique developed for ASL by Tingle and BJorklund (1973) to calculate

details of the mesoscale wind-field and depth of the surface-mixing

layer above complex terrain. This modeling technique is ,sed in AMSORB

for the same purpose. A brief description of the technique, abstracted

from the report by Dumbauld and Bjorklund (1977), follows.

P The computer algoritbm, based on the shallow - fluid equations

of oceanography, describes the motion of fluid in two dimensions by the

expressions:

/ + u L- + v + g (it + Z(2-1)

IIII

_-_,a av v g, a

+u - + v a + (3+-,) 0 (2--3

;""I ?ira+ (uhl ) ?(v|U )
+• . -- --- + (2- U

where

uv x,y components of the fluid velocity iW the 1aj'cr noxt to
,tho terrain

It depth of the aurface mixing layer
In

"ZT height of the terrtAn

g' reduced acceleration of gravity

7



g acceleration of gravity

41P fluid density in the surface mixing lo~er

P1  fluid density in the passive layer above the surface

mixing layer

These equations describe mesoscale wind-patterns above~ complex terrain

when the atmosphere above the terrain can be distiný,tively divided into

two layers of different densities. This condition typically exý..sta wh.ýn

the mixing layer above the terrain is capped by an elevated inversion.

The interdction of the upper layer with the lower layer is limited to

redir!ng -lie speed of gravicy waives in the lower layer. Equations (2-iý)

(2-2) and (2~-3) are written~ in their momentum form. Mesoscale wind

patterns are generated by impulsively accelerating the- iaoentvm~ i', the

lower layer to a cLonstant value and, after an empirically-ducermined

model time (s-cc Sectiun 5.1' in which the flow tn the region of intereit

is assumed to bvCoatv stabii±Led, using the s toady- state solution ttuus

* - obtained.

The computer algorithm contains an explicit Lax-Wendroff

fit-differencing procedure using nine grid points and one time level

in combinat ion with a nine-point low-pass filter. The finite differ-

ences art centered to preserve high-order accuracy. 'The grid arrange-

te~nt and fiaitc-diffttrencing formu of the equations are described in the

report by Tingle and Bjorklund (197.1). Iligh-frequenev oscillations

generated tin Critical flow situitiuoN aea.- regiuns wh;!re hydraulic jttusps

oecC4 art rctaovvc' by thv tilteciag technique, which ii bated utn a sg
gestion by Shapiro, (19 1U) and has the advantaAeta t mohn

effect 14 easily doEvterinod frord itsi response- function. In the Analyqis,

Phase, thr, fIlrot iFs applied uvrry zivvit tieeC se p. It is well known

thAt the len~gth of the. time Ntep A[ used in obtatining thie nolution



also affects the stability of the finite difference solution. The time

step is altered automatically in this algorithm in accordance with the

expression

X ~AX~': '.' .s A min

At = - -- - (2-4)

+ + max

where the stability parameter A is dependent on the grid spacing Ax
s

and varies between zero and one. For the present application which uses

a minimum spacing (Axe) of 5 kilometers, the stability parameter has

been set equal to 0.4. Because the entire solution grid must be searched

to determine the maximum wavu speed in the denominator of Equation (2-4),
y• the value of At is calculated every second time scep rather than every

time step to save computation time.

A sensittviiy analysis of the two-layer Mesoscale Wind-Field
A Model indicated that model instability can frequently. occur in localized

•t' errain regions where the inversion height It is initialized, or is

adjusted by the model to a few tens of meters above the higher terrain

elevations. Yie momentum conservatioa properties of the computational

scheme arL such that. wicnd velocities in these localized regions may be-

-come uireaso-wibly 1. .ge as the depth of the lower layer approaches a

minimum v_.uc. In order to prevent this type of solm.tion instability,

Ike u- and v-compotuents of the solution at any given time step are auto-

matically aiet to zkco and thc iayer depth set equal to a minimum depth

of 30 micers if t;.. calculated dtepth for a grid point is less thata 30

meters. Limited exp.vrietice in the application of th'.s feature of the

tsoscAl.n moe~l indicates that computational stability is preserved
0 without significant lo,s of ffiomentum over the entire grid and with the

result zhat wind fields in the timdilate vicinity oi higher elevations

under thcse condlioins appear to be reason-tb~c.

|19



The computerized algorithm uses an expanding grid in the boundary

area beyond the terrain region of interest to damp outgoing waves and

eliminate incoming waves based on the technique suggested by Lavoie (1972).

Gr-id points in the boundary region are placed at distances of 10, 20, 40,

80 and 160 kilometers from all four sides of the interior grid. The ter-

rain heights at all points in the boundary region are set equal to the

"minimum elevation within the interior grid. The initial momentum is set

equal to the momentum used in initializing parameters in the interior

grid.

The form of the finite-differenced equations and other details

on which the mesoscale wind-field computer algorithm is based are con-

tained in the paper by Tingle and Bjorklund (1973).

2.2 TRAJECTORY/TRANSPORT ROUTINE

"T'he Trajectory/Transport Routine in the Applications Phase of

AMSORB shown in Figure 1-1 has been abstracted from the EPAMS program

(Dumbauld and Bjorklund, 1977). This routine is designed to calculate:

(1) Cloud trajectories and mean-layer winds and mixing-layer

depths at fixad intervals along the trajectories for use

in the intermediate- and long-range dispersion models

described in Section 2.3.1 below

(2) The itean wind direction, mean wind speed and mixing-

layer depth at the location of sources located near the

line5-of-sight for use in the obscuration-dispersion models

described in Sections 2.3.2 and 2.3.3 below

In both calculations, the Trajectory/Transport Routine uses the wind

vector and mixing-layer depth values given by the Hesoscale Wind-Field

SuModel at the solution grid points.

10



The cloud trajectory from a release at any point within the

mesoscale model solution grid is calculated using a simple Euler pre-

dictor-corrector scheme and nine-point interpolation procedure. The

computer program uses wind vector data from the Mesoscale Wind-Field

Model solution at nine grid points surrounding the point of release and,

through the interpolation procedure, calculates the u- and v-components

of the wind qt the point of release. If the smok'Ž-dispersion models

described in Section 2.3.2 are to be used in the ensuing calculations,

these components are resolved and the mean wind direction and speed are
made available to the smoke dispersion model. In calculating cloud

trajectories, the first point on the trajectory is determined by resolving

the components and placing a point at a fixed distance interval along

the resultant vector. The fixed distance interval is set at one-tenth

the grid spacing used in the mesoscale wind-field solution matrix (in
4'•

the present program a fixed ti~terval of 500 meters is used). Wind-

velocity components at this point are also estimated from the nine-point

interpolation procedure. The new u- and v-components are then averaged

with the previously-determined components at the starting point. The

final estimate of the first point on the trajectory is then calculated

by resolving the averaged components and moving a fixed interval along

the resultant vector. This final estimate of the first point on the

trajectory is then treated in the same manner as the initial starting

point (source) and the interpolation and iteration scheme repeated to

find the second point on the trajectory. This procedure is repeated

until the trajectory passes outside the grid area containing wind-vector

data or the number of iterations exceeds a predetermined limit.

ctd The interpolation method is based on an evaluation of a trun-

cated two-dimensional Taylor's expansion formula (Carnahan, Luther and

Wilkes, 1969, p. 430) given by

2f(xy) = fJ + hf + kfy + 1f + hkf + k"I', X y 2 xx xy 2 f (2-5)

11



where

h = x -x

k y y

and f is either the u-or v-component at xi, Yj, the nearest grid

point to the point of interpolation (x,y). The partial derivatives

f' f fx f and f are estimated by divided differences.

The depth of the mixing layer at fixed intervals along the tra-

jectory and at the release point or smoke source location is also inter-

polated from data provided by the Mesoscale Wind-Field Model using a

four-point bivariate interpolation formula given by

R ii (x,y) (1 - p) (1 - q) H + p (l-q) H

i'ij o+l,j
q : (2-6)

•- * + q (1- p) H + pq H

where

and It , HH , and It are the mixing layer
imj t+l,] i,j+l i+l,J+l

depths a c the four surrounding grid points.

• 12



2.3 DISPERSION MODELS

The AMSORB program retains the Dispersion Models Routine and the

MS3 Routine previously used in the Application Phase of the EPAMS program

described by Dumbauld, Saterlie and Cheney (1979). The volume-source

dispersion models for instantaneous and continuous sources and models for

predicting the buoyant. -ise of continuous stack emissions contained

in the Dispersion Models Routine are used to calculate isopleths of

dosage and concentration, with or without cloud depletion due to decay,

gravitational settling and precipitation scavenging, along the cloud

trajectory predicted by the Trajectory/Transport Routine. The models

are specifically formulated to account for changes in mean wind-speed

and depth of the surface mixing-layer along the predicted trajectory

while conserving mass continuity. The Dispersion Models Routine in

AMSORB can be selected by the program user as a "stand-alone" dispersion

routine for prediclting dispersion at intermediate-and long-travel dis-

tances from instantaneous and continuous volume sources.

The MS3 Routine, added to EPAMS under Contract No. DAEAl8-77-C-0060

with ASL, is primarily for use in predicting line-of-sight integrated con-

centration (CL) and dosage (CLID) downwind from quasi-continuous and

instantaneous obscurant sources. The model has no specific means of

accounting for changes in the mean wind-speed and depth of the surface

mixing layer aloag a trajectory, and is thus iittended for use over shorter

distances where these meteorological parameters can be considered constant

in Lime and space.

The Battlefield Environment Routine in the Applications Phase

of AMSORB incorporates features of both the Disper!'on Models and MS3

Routines to calculate CL and CLID along user specified lines of sight.

The techniques used to calculate the cloud dimensions ax, a and in
X y z

the Dispersion Models Routine are used in the Battlefield Environment

Routine to defite cloud dimensions along the trajectory from the source

13



r •to a distance of about one mesoscale model grid spacing from the lines-of-

sight. The dimensions of the cloud at this point become the initial

source dimensions for use in, for example, the quasi-continuous obscurant

source model to calculate CL and CLID along the lines-of-sight. Dis-

persion models have been added to the Battlefield Environment Routine for

an obscurant released by traveling vehicles. The dispersion models used

iii the routines are described in more detail in the following paragraphs.

2.3.1 Dispersion Models Routine

The volume- and continuous-source models in the Dispersion

Models Routine of AMSORB are similar to models described by Cramer, et al.,

1. (1972).

Instantaneous Volume-Source Model

-, The concentration for an instantaneous volume-source can be

]. expressed as the product of four terms:

"Xn= {Peak Term) {Lateral Term) {Vertical Term} {Depletion Term) (2-7)

The Peak Term describes the concentration at the cloud centerline and is

given by the expression

Peak Term 32v) (2-8)
!---'•--'•• . (2)3/2Xn °yn Ozn

(2i)"

where

Q •total source strength

a standard deviation of the concentration distribution in
xn the alongwind direction at the nat distance along the

cloud trajectory

14



0 standard deviation of the concentration distribution
in the crosswind direction at the nth distance along
the cloud trajectory

a standard deviation of the concentration distribution
zn in the vertical at the nth distance along the cloud

trajectory

The Vertical Term describes the vertical distribuiton of mate-
th

rial at the n distance along the cloud trajectory as modified by re-

flections of material at the top of the surface mixing layer and at the

earth's surface and by gravitational settling of particulates. The expres-

sion for the Vertical Term is

2 H , HI+ z + _V

Vertical ra exn1 n
Term 2 /nSa=0 0zn

a aH +AH +z-V

+r x a+ ,n+ s+ - a n

Z11

S+ 4 exp [- (a - n J_-~ A ( 9

(2-9)

X 2
S2a It + III - z -V

,, 11:a

+ aexpL I s --

E 2I
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where, for convenience in writing the Vertical Term, 00 (zero to the
zeroeth power) is set equal to unity and

Ht' effective release height (see Equation (2-21))

z = calculation height

th

it = mixing layer depth from mesoscale model for n dis-
tance along tie tr_•jectory

r = fraction of material reflected at the surface (1 for
complete reflection and 0 for no reflection)

V = settling velocity for material in a given size cate-
gory

--x = incremental distance along the cloud trajectory
n

SI- u = mean wind speed in the layer containing the cloud atn th
tile n1 point along the trajectory (see Equation

: (2-18)boitow)

1- The Lateral Term is given by

Lateral Ternm ex(exp yn)j

where

y crosswind distance from thr centerline of the cloud tra-
jectory

.16



I,

The Depletion Term refers to the loss of material by simple

decay processes and by precipitation scavenging. The form of the Deple-

tion Term for each of these processes is:

(Decay) exp Lk (2-11)
n=l u

~N
NAx

(Precipitation n (-2
Scavenging) exp -A - (2-12)

where

k decay coefficient or fraction of material lost per unit
time

A = washout coefficient or fraction of material removed by
scavenging per unit time

The subset of equations describing the standard deviations of

the alongwind o , crosswird 0Y1 and vertical a concentration

distributions is:

1 /2 1/2L (x) 0 .6 Au 2
Sxn 2-13

{~4~X Ax)

X" 4.3 X~-)4 .3 G Ai I + °x(u-l)) (2-13)

where

. (xn) • alongwind dinalenion of the cloud

AU wind speed shear at the n point along the tra-
S1Jctry

17



i • s n • T , , - m , ,V( 2 - 1 4 )

U wind speed at a height of five meters at the nth

point along the trajectory

P =wind power-law coefficient at the n point along
the trajectory

th
Z top of the cloud at the n point

It' + 2.15 ozn; ZT,n < Itm,n

+ ( (2-15)

11 nm,n ; Tn -- m,n

St!h

z base of the cloud at the nth point

• .•It' - 2 . 15 a z ; 0g n
2.1 5(2-16)

S.n H(l+pn) - 5(+pn)

t hu mean layer wind speed from mesoscale model at nt

u mean winA spred ip the vlayer coat*ining the cloud

(b11

ustA ()Tn H. 1%
(S ' (.'- Bln



u incr,!meflta1 disitanlce butwel~w lpit to

500 meoters)

Dstandard deviation f tl idazmtnl

09~ 
-T) (Y m ( 

(2-20)

'~puwcr-law expotitL~L vait.nu A

ýtbvt. ground

S(.2-2 
i )

L;ucýta~u l~ Z. riiAttCU

19



q -- power-law exponent for variationI of aE with
height above ground

GE standard deviation of the wind elevation anglei:1 pnEn

The cloud expansion coefficients a (lateral) and f (vertical) in the

above equations are set to unity for instantaneous sources.

The concentration X is calculated under the additional

restriction that Xn < n If X > X the values of oyn and

Ox1 are increased proportionately so that Xn Xn1 and the calcu-
lations continued.

Dosage for an instantaneous source is obtained from the expres-
sion

D Xn xn (2-24)

z,n

where

u = mean wind speed at the calculation height z and n

zn point on the trajectory

( P(2-25)ii

S,20



Continuous-Source Model

The Continuous-Source Model used in AMSORB is a modified version

of the Gaussian model for continuous sources described by Pasquill

(1962) in which the concentration is also expressed as the product of

four terms:

=(Peak Term}{Lateral Terml{Vertical Term){Depletion Term) (2-26)Xc,n

The Peak Termn of the continuous-source concentration model is given by the

expres sion

Peak Term ~~--L--(2-27')2110 a ' u
zn ynn

where

Q1 source strength expressed as a rate

0standard deviation of the concentration distribution in
yn the crosswind direction for a continuous source at the

nth distance along the plume trajectory

and u and 0 are respectively defined by Equations (2-18) and (2-22).n ~Z11
The Vertical, Depletion n aea. em wt replaced by 0y n yn
where appropriate) are identical to the similar terms described for the

instantaneous volumet source. The SUbset 01 equations describing 0'

is,

0 1!X +(y - (2-28)yu A, n
21



where

(3'n 8--O (5j f J(2-29)
Ac n A, n 180 5t

and the remaining parameters have been defined previously. The default

values oC a• and C) used in the program for continuous sources are a 0.9

and i= I

Plume-Rise Models for Continuous
Stack Emissions

"The effective height H of a buoyant plume is given by the sum of

the physical stack height h and the buoyant rise Ah. For a neutral or

unstable atmosphere, the effective stack height is given by (after Briggs,

1971; 1972)

., + h 1c-.9 - L w - } 2/3 (2-30)
cj

• : , : w h er e

ju r the inner radius of the stack at the exit (m)

A s

W the stack exit velocity (im s-)

T the stack exit temperature (OK) f )r the continuous so-.rce

F "ambient atc temperature (OK)

f empirical correction factor

-"h ctual -;tack h1 ight (n)

22



1:' u0h}0 mean wind speed at stack height (m s-1)

h \pn= 1
U 5, (T) (2-31)

The factor f, which limits the plume rise as u(h} approaches the stack

exit velocity w, is defined by

1 ; u(h} > wfl.5

1Equation (2-30) is used when the net radiati4on index equals
I. or t:xceeds 2, uih) equals or exceeds 5 meters per second, or the

poLential temperature lapse rate i is equal to or less than 0. When

these conditions are not met, the program uses the corresponding Briggs

(1972) rise formula for a stable atmosphere given by

+.' 2•9 1 - T•" 12<h
i•17!:- 1 0 S

(2-33)

1903 [ Cos 1/2 1/

whe re

-S stability parameter

23



9.8[
(2-34)

S

height-weighted mean potential te, iperature lapse
rate over an approximately 200-meter interval ie._ve
h

z 11h + 200
~AZLL z

S-h +(2-35)
z ~h+ 200

Ld AZ

T -TA, z+1 A,+ (23zz. ' Z (2 - 36 )
S! z AZ

z

AZ - Zz+l. - z (2-37)

A,z potential temperature at height Z

"T Z, Z+l potential temperature at height Z

2 . '. 2 8S3 Routint:

The ob icurant disperSion models in the MS3 Routine calculate

CL and CLID downwind from qu •i-cont%.nuous and itt abtautoui $iourcea.

:" •uasi-Cont nuous Obacurant Source Hodel

According to x ~eriment• contducted at Dunway Provt•ng round (Salo4on.

CEt al, 1978 and Peter-n, 1978), the a=ount of aerosol.xed =moke, H it).

at any given tidie irotu quati-eontittuouw ýmoke tmw1,titott. is given by the

ep14



I4
S{t} M O •YF YF [A( )+ B(-) + C + D (2-38)x 0o

where

M = total mass in grains before ignition
0

"MYF munition yield fraction

YF yield factor accounting for the effects of moisture
in the air

tB total burn time in minutes

iB

t time in minutes

A,B.C,L) experimentally-derived coefficients

The amount of smoke produced by tt: munition as a function of time is,

: therefore,

or

C -- (2-39)

71 )

hi, •xpr•z-eiot, ii ud wo chia-cterir. the -mokv munition source strength

in the dispctrion mtodt. It should ho notcd that Equation (2-39) i1 att

cxtrtemdly taportant factor in detoritaiang thc shapc adud magnttude of thd

CL time protilc at dhort di.aAeea dowwitu from a quasi-c¢tittuouzu

o-



-F

source. The smoke dispersion model performance has been compared with

smoke munition trial data by Carter, Dumbauld and Rafferty (1979).

Ouasi-Continuous Source Obscuz-nt Dispersion Madel

The concentration at time t in seconds aL a point x,y,z down-

i4ind from a quasi-continuous volume source emitting smoke over a time

:• tB is gLveri by the e.xpression

, • , ,Q X( r -u ( t - t ) 2

.1 xp ai

(2n)3/ 2  2 a

y 0

)+zt -l40)-

0e+ V - (- + jxp - (2-40)

( i iH(t+zm+(t)-z

+ r't -ii1



where

Q{t} l source emission rate (see Equation (2-39))

0 standard deviation of the alongwind concentration dis-
X tribution (rn)

j G = standard deviation of the crosswind concentration'i'Y distribution (m)

a standard deviation of the vertical concentration
•!z distribution (m)

u mean cloud transport speed (m " )

it} t effective height of the cloud centroid at time t (m)

It = depth of zhe surface mixing layer (m)

If we perform the titegratiotn over the variable C, Lhc solution for time

Z- tý51 (2-41)
yz

"the lateral and vertical teMs following the fir•st set
of closed bra.ickets

and
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2Y u YF ý4 a1 + %3 a + ('2 + 2(4

Lx () 4 ]* ( a 2 + 3a 2 +('2 + (4)j(-2
(2-42)

er ("2t) 3  (-I

:/2

AC + -B 
/ 3 C u -x 2

B(tg (60t) L

(2-43)

• :_•( b u 8 ) U C u - 2

f. 2 2 2B + 2- (2-44)S "(buti) U 60tL (60tB) U

r B



2 F
- - 3C + I-D (2-45)

(60 t - 60t u

434 6 B4 -3 (2-6

(60t u

;" I
.(2-47)

x- u(t-Ts)' .a 2  = - - - - - ~ - -( 2 -4 ,8 )
a0

x

'•- '; , t > t

= •1"(2-49)s
"' tB t < t

The standard deviation of the alongwind concentration distribution

usied in thie smoke dispersion model is

II( ) + p1/2  (2-50)

f (0. u x Au > 0

S(2-Si)

[29



txu t; t < -- $A-,

u

x < t :5 + 60t (2-52)
u u

u(t-60tB) ; + 60tL < t
u

a = standard deviatiol, of the alongwind concentration
distribution at the source

45u vertical wind-speed shear in the layer containing
the cloud

ur 5

z zp

us Mean wind speed . the reference heighL of 5 meturs
(see Equation (2-17))

z2 eifective u;,per bound of the cloud

SF t}+ 0• z . •2 m IrS|! . 2 > • z (2-S4)

Z, tt•[eetive lower bouad of the eloud

2meter(i ; 2 m, )r;
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0 = average standard deviation of the vertical concentration
distribution along the line-of-sight

×2

(. 2 -x) q dx (2-56)

xl

.!xx2 downwind distance coordiilaLes of the line-of-sight

" ; > u(2 netv.rsl
r(z2-z ) 5 (141))

U (2-57)

u12 meters) ; u < u(2 meters

-F I

"111c Standard deviation of the crosswind concentration distribution Is

r o 2 x2-IA '
,.•: - O a • •} ry( C1 Y, 4 .3-, iy ry,

i• wher•d

,li standard deviation of tOw arimul•h wind angIc in
r4ditant watured over the time 7

r& h

"A" (2-49)

01



O'io ) standard deviation of the azimuth wind angle in
radians measured over the reference time I

distance over which rectilinear crosswind cloud
ry expansion occurs downwind front a virtual point source

x , crosswind virtual distance
y

Ry ; yR As ry

(2-60)

'Y x Ry+ ry I-) 0yR a s) ry
A ry/

0 oyI -standard deviation of the crot•swind eoticentration distri-
bution at a reference distance xRy ouwnwind from the

!iou rce~R

AO atimuth wind dir-ctio" .•hrar in radianh within the lAy(r

cuntaining the cloud

A .
_-- - change uo wind dir•ction in d:ti with hie.ht in

the tiutfaCe t±iixInt laycr



C

The standard deviation of the vertical concentration distribution used

in the smoke dispvrsion model is

, .. ×+ Zz-rz(I•
, 13 (2-62)z rz Ox rz C)

Where

c' standard deviatIon of tile elevation wind angle in radians

x distance over which rectilinear vertical cloud expansion
rz occurs downwind trom a virtual point source

x - vertical virtual distance
Az

"- - " E z

i~i- x ().) ,• x x o,,) > 0' x
E " t"-"94• rz 4R r ca

- nrandait dcvi4ttoti L hc vcrti,,cit eut;,Qiettnat-Ztt dt2gtr-
butiat i A.t 4 ~ccC dtittlc~ 1 4aowtuwlad truth the

tC~AL~tY 2v.ld%4~ tet~~o t~fac ata

Itt~tetVJ"c CO-•tCt~trdt Lot t• ln .,bt.•iltd bV" a.=tc•iC4l1Y it-tc-edtiatlg rquattlun



(2-41) ovi-r --he line-0j.-sight using a Gauss-Legendre technique (Abramowitz
.~ I and Stegun, 1964, Equation 25.4.30, page 887) with 24 arbitrary points

in the interval containing the cloud.

T nmtanlanevus Source Obscurant Model

[The line-of-sight integrated concentration for -.n instantaneous
sourc,ý can be obtained from Equation (2-40) by setting Q{Tj equal to the

total S-ource strength Q and integrating over the line-of-sight ratherIthan time. The resu't of integrating between the end-points (X1 , y1 , z1 )
and ( 2 2 yý, I! of the line-of-sight is given by the expression

2

CL I ) [err (iVr + i ) erf ( )

2 -~a (a2-64)

+ exp (\g1_ 4ah. v + erf (1
i ýý4a 4a 2 /2

2 /a

+ expk aai) [ erf (V rav +y~~ erf(7 g)

+ exp( e ri f (Yra mi) -erf(

m 34a



A~j + XI)(~K4ari 2er + it 2 Fa 1 (Cont.)

I whe re

S (2-65)

Q total source strength

2 2 2 2 2 2 2 2 2
0 0Cos 6 + 0 cos c+0j 0Cos

a - - X Z X (2-66)

2o0 a~

b _ oix -~t)cos +o y2 122!
y _x z I (2-67)

x y z

22x_ -2 2 22 2 2(,t z.2

a 0 ut +?G 0 0

2 t) + 2 2 £++

z O0 2 xl- u x zy I1/ (2-69)
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2 2( - 2 + 2 2 2 ~2 a2(Ht +
f Y X l+ '1 (2-70)

22
a4 xy Co

(2-7 1)

-A ~ a2  (ih - f Ht} z coý-
x y\ m

2 LG2ay 2, t) + 2a 22 2 22
20 2 ~2 y z 1x 1

(2-72)

211)

+ o a2 (i1 -Hit} -z)]

xy

(2-73)

+ a~ G (2iH H{t} + z cos

ii =202202[a~2 2x-t ~2 ~2 2 (-4

(Equation (2-74) is continued)
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(2-. 1it +- . . . 1)2 .
(2 74

w-Ix

1 22 2 2

M. xa (xut) Cos 6 + 0 yc CO
0002 22 iyoz \i/ Oxz

I xyz (2-7 5)

2 2 (21H + Hi t} z Cos

1 2 2, - + 2 2 2
pi 2 2 2 10v 07 Ox \l

> 
~~20 G a ~ )

s;I 22 /(2-76)

+ Qx Oy ~2~1H + H{t} - )

1 2 2 -2
2 2 2 z 1

22 / 
(2-77)

+0 0y lm + H{t} (2Hz o

(Equation (2-78) is continued)
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+ a 2 ( 2iH + H{t) + z 21 J(2o8)Sy (Cont.

cos-1 x 2  X) (2-79)

. ( 2. Yi (2-80)

1 (2 z1:) l-i 2 - 1Z

Cos (2-81)

V j -Y+ 2 + (z2 (2-82)

*i' \2 1)v2 1 2

The retmaining parameters in Equations (2-64) through(2-82) have been

defined under the discussion of quasi-continuous sources above, except

that x for all instantaneous sources is defined by

I x u Ut (2-83)

Cloud-Rise Models For Buoyant Instantaneous
I d10d Ou.a.i-Continuous Obscurant Sources

VThe MS3 Routine incorporates cloud-rise models for instan-

taneous and quasi-contLinuous smoke sources which release appreciable

heat during the smoke emission phase. The models given below are

* +38
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primarily based on material contained in a preprint of a paper by G. A.

Briggs (1971) presented at the Second International Clean Air Congress.

The rise models given by Briggs for stable atmospheres are specified.

Experience in using these models for predicting the rise of ground

clouds from rocket launches and of plumes from stacks indicates the

stable formulas predict nearly the same rise as that given by the

Briggs models for adiabatic atmospheres, if the vertical gradient of po-

tential temperature is arbitrarily set to a small value (3.322 x 10-4

degrees meter- ) when the atmospheric lapse rate is adiabatic or unstable.

"4'i The effective height of the cloud cent Loid downwind from an

instantaneous source is given by

[4 F., 1/41/

3 1/2 " t < 1/

", H~t} (2-84)

1/4

Fl I

"where

* h source height (mn)

cI 4 c puT (2-85)

g acceleration due to gravity (9.8 m s-)

heat released (ca])

12% 3 9



£-1

"c specific heat of air at constant pressure (0.24 cal g
P OK-1)

-3
p = density of the ambient air (g m

0
T = ambicnt air temperature (OK)

YI= entrainment coefficient for an instantaneous source (-J.6)

S= A_ (2-86)
T Az

A =height weighted mean potential temperature lapse rate over
a height interval of about 50 meters above the surface

) 1. A

z: 50m
P AZil'• ! -=0 z z

Z-50 (2-87)

'! ~z=0z

A z - 'rA z.-8

Z Z -Z (2
z1 z+l z(2-89)

T A,z potential temperature at height Zz

T A,z+I potential temperature at height Z z 1
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The effective height of the cloud centroid downwind from a quasi-

continuous source is given by the expression

:d,3 Fc1/

h +[-c (1o (1/2 )I s12

h2 +! 2 11o 3 t<TV I

A 11t) (2-90)

1/3

,.i p 
(2-91)

'i ' =effective rate of heat release in calories per second

c= ntrlinrnei+t cojficient for a continuous source (>0.66)

L!.I time after munition is ignited

Equation (2-84) for instantaneous sources and Equation (2-90) for quasi-

continuous sources are automatically used to calculate the effective

height 11(t) when values of either QIor Qcare specified in the

lookup d~'n tables for specific obscurant sources.

41
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2.3.3 Battlefield Environment Routine Dispersion Models

As noted in the Introduction to Section 2.3, the Battlefield

Environment Routine incorporates the same models described in Sections

2.3.1 and 2.3.2 above. When the Battlefield Environment Routine is

selected by the user, the program automatically selects the proper model

for use in calculating CL and CLID along the lines-of-sight specified by

the user depending on the source category and the distance of the source

from the lines-of-sight. For example, suppose the user has icentified an

explosive munition source (see Section 3.2 below for a description of

explosive munition sources handled by the program) functioned at 7 kilo-

meters from the line-of-sight. Further assume that the program has used

the Mesoscale Wind-Field Model and Trajectory/Transport Routine to deter-

mine that the source contributes to the obscurant concentration along the

line-of-sight at the time of interest and the mesoscale grid solution is

based on a 2.5-kilometer spacing. The program would then use the tech-

niques described in Section 2.3.1 for calculating the concentration and

cloud dimensions along the cloud trajectory until the cloud trajectory

intersects the boundaries of the grid square containing the intersection

of the cloud trajectory and the line-of-sight. The cloud dimensions a!. ~xn
O and J determined to exist at this boundary from application of theyn zn
Instantaneous Volume Source Model described in Section 2.3.1 and the
initial source strength Q are then used to define the initial conditions

for the application of the Instantaneous Source Obscurant Model described

in Section 2.3.2 above. The Instantaneous Source Obscurant Model uses the

meteorological parameters for the grid square containing the line-of-sight

in the calculation of CL and CLID along the line-of-sight. The probability

of detecting a target is then calculated, if the user desires, using the

Obscuration Model Routine described in Section 2.4 below. If the source

had been determined by the program to be within the same grid square as

the line of sight, then the program would have used the source param-

eters from the explosive munition source characteristics model and the

meteorological inputs for the grid square directly in the Instantaneous

Source Obscurant Model.
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A similar procedure is followed when the user defined source

category is for a quasi-continuous obscurant source, except the Battlefield

Environment Routine uses the Continuous-Source Model described in Section

2.3.1 and the Quasi-Continuous Source Obscurant Model described in

Section 2.3.2. It should be noted that the primary purpose for using

the Dispersion Models Routine descrit.ed in Section 2.3.1 in the Battlefield1: Environment Routine is to simply account for the effects of changes in

wind speed and depth of the surface mixing layer along cloud trajectories

that exceed the mesoscale grid spacing while preserving mass continuity.

When the trajectory between the source and line of sight is contained

within a grid square or enters the grid square containing the line of

sight, the resolution of the mesoscale model is such that wind speed and

depth of the surface mixing layer are assumed constant along the trajectory.

Mobile Line Source Dispersion Model

A Mobile Line Source Hodel routine has been added to the battle-

field environment routine, which is not available for use in the MS3 Routine.
!!•i•kli•i'•The line source geometry is shown in Figure 2-1. The vehicle is assumed to

move from 0 to point A at a constant speed V The concentration at point

r{O,z) from an instantaneous source generated at point S by the moving

vehicle is given by

S~QE VI dt' i 2a H -H+z+V (t-L')

exp3/(211) 2°x))2]

y z

2a It ++z ')
+- ii (2-92)

Tin'. .4

(Equationt (2-92) is conitinued)
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KSoI

; '1

FIGURE ')-I. Plan~ view of Ot, m~obile line~ tource geotutry.
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exp - 2 
(Continuation)

""Jexp 
- Vtco~

-X' -1 6 ý co O 2

constant emission rate (g(m-)

Svehicle speed (m s- 1 )

•-':dr' = instant the source is generated at point S

"Qt time concentration is calculated

"t = travel tt ne of the vehicle

and the parameters It, {, z. V , I 0 and u have their usual meaniog. If
t S x y z

we st.art the vehicle at times t' equal 0 and t equal 0, tha concentration

at point du.bz; from all thi instantaneous point sources compriting

the line tourc' generated by the vehicle traveling over a time tI can be

calculated by integrating Equation (2-92) over the interval tr. Note that

ithe limit of integration t1 must he equal to t for tities t less than or

equal to tI arid equal to t for times t greater than t1. The itntegration
1 ~1 l

cant be analytically pertormed only ii the standard deviatioun o a and oz

have a sitilar Iutictilt.it dependectee oil the time t' We have p4r•iormedL the

integration under the as umptious that:
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zk{T=2. (t-t) + x) (2-93)

y OAy(Ts2. S u(t-t') + xv (2-94)

Ox= T"[u(t-t') + x] (2-95)

A' (1=2. 5A (2-96)

E

o. (2-97)

A

x cLcosO + ýsine (2-98)

and where T" is determined such that a given by Equation (2-95) will approxi-

mate the vatlue that would have been obtained if Equation (2-50) had been used

Lo calculate o . The results of integrating Equation (2-92) are given by

"the e:pI'res.ion

xvaOzc S-x A) x ep( N 1+ ) )

(2-99)

+ j 2/ +i' ( in rontVV +



b [ 2N

+ exp ex(

u urn I± + uiu

4 3I P/~ \ b2  2P
(2-99)

'-.• )i(Continued)

+ -p •-A N p- •+N -° ci- (i+i.YV

+ Qi [ rf €b + N rf b +

'1 2

+ 3
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D +j 2 2 (2-102)

2 2 2R E + F + G (2-103)

S (B.J -FL + GM) (-104)

U =2(011 FL -CJ) (2-105)

V 2 (0GM FL -DJ) (2-106)

W 2 2(EJ-FL±+ GM) (2-107)

A = 1 +L +J (2-108)

B =kT"(2a H H + z (V 3x v/u) (2-109).

kT= (2a Ha H + z+~ (V5 x/) (2-110)

D=kT"(2a 11 + H- z +(V x/) (2-111)

E =kT't(2a - H -z -(V~ x/u)) (2-112)

F TV [x'tan9 -(f3/cosa) + V t+xu))cosel (2-113)

G jX{T:=2 .} [1X, + x -VT sinO.(t + (xl/u))] (2-114)

J =k V /(w/T a'(T=2.51U (2-115)

L -V {T6(- y(L2.5}u)(216
TA(216

11 (VT sinO - 42(i~ Tt'u) (2-117)

S Q V k T"/(7T3/2 /2- U) (2-118)
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bI T2 T" oG{T=2.5} ut + x (2-119)v

/~T2 Ot'{-r2.5 51U(t-t) + xj t > t
"I A 1b (2-120)

v/2 T" 0{T=2.5} xv t < t

' The purpose of the parameter T", as noted above, is to approximate

Equation (2-50) using Equation (2-95) in a manner that, after the integration

of Equation (2-92) over the time t' is performed, yields the average value

of 0 from all the instantaneous sources affecting the concentration at the
x

point r{,ý,,z}. To obtain the appropriate value of T", we first determine

the portion of the line source contributing to the concentration at the point

' .r at time t. This is accomplished by calculating the origin of clouds from

instantaneous sources comprising the line source which lie within approximately
5 a in any direction from the point r at time t. We then calculate a value

y
of T" by setting Equations (2-50) and (2-95) equal to one another and solving

for T", resulting in the following expression for T":

x Ix 2 +(00/k2) ] + (0 /k') 2  Xn x + fX2+(0/k ')2]l'2  x 12 1

T" = k' ..... 2 2 x 1  (2-121)x2 2
S 1 2X (x2 -xl)

• I X=X2

where the symbolic notation 2 means that the numerator is evaluated at

x equal xI and xI
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... The values of xand x2 are determined from the coordinate trans-

formation matrix

(XI, x{ \( cos(C-0) -sin( -0))

(2-122)

:1, where

2 1

= (12 R)Icos (tan'l(5aý{T=2.51)) (2-124)

2 2.

-~ 1/2

a12 (a 2 .+(Cstan1(a {25}))]
R = - a. + fT) co (2-125)

Oc) (c,)(cos(0-C) -sin(8-C)'~ 1 - /(2-126)

a, aVT t Cos (90-0 (2-127)

= -V t sin(90 0) (2-128)
T

=tan' U U(us sinO)/(-ics -V) (2-129)

k 0.6 Aui(-10
k 4.3 5 2-30
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The angle • in Equation (2-129) is the angle between the mean wind direction

and the locus of points of the instantaneous clouds generated by the moving

vehicle prior to the calculation time t. Inspection of Equation (2-129)

shows the angle is dependent on the wind speed u and, as shown by Equation

(2-57), the wind speed in turn is dependent on cloud dimensions. For this

reason, the program performs an iteration to define the appropriate value

of u and the angle E for the portion of the line source generated cloud

which may be in the vicinity of the calculation point at time t. This

value of u determined in the iteration is then used in the dispersion model

(Equation (2-99) and following equations). The parameters ý and Au are,

respectively, the values of the mean wind speed and wind speed sheer re-

quired to equate Equations (2-50) and (2-95). When the cloud is fully

mixed in the surface mixing layer, e..

H

- xv , (2-131)•.,. 2.15 ' V

the program calculates u and Au from the expressions:

iU

R( H lP-4 2 1+P(

(l+p) (2)-132)

P \m
A--•) z--. (HmP 2p)(21)

ZR
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However, when x< x'*, they are evaluated from the following expressions:

=
1 R(2.150o P1+ l+p"

(X (X - (l+p) z 1P

2Z1R fx* E)

(2-134)
(X2 X**) 1+1

2 H~ p1+pHi 2
mm

Im

U R (2.1 5 0')PxI1+p

Au = (l+p)+ 
-2l1 R L

(2-135)

+ (X2 x**) H P (x2

.1 where

(2-136)
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2.4 OBSCURATION MODEL ROUTINE

2.4.1 Obscuration Model

The Obscuration Model of AMSORB is a modified version of a model

developed by Gomez and Duncan (1978) for use in the ASL Smoke Obscuration

Model (AS LSOM). The ASLSOM routines were based on an obscuration model

contained in the SOMI obscuration program (Johnson, et al., 1972) developedi •4 for the JTCG/ME. The Obscuration Model calculates target, background bright-

ness and cloud brightness, light transmission through an obscuring cloud,
scattering of light by aerosols, and target-background contrasts. When

the model routine is used in conjunction with dispersion-model routines

described in Section 2.3.2 and 2.3.3, the primary output is the probability

of detecting a target. The probability of detection depends on the amount

and type of obscurant present, general lighting conditions, relative con-

trast of the target and background, and the amount and type of natural

obscurants which may affect detection.

The ASLSOM visibility model contains options for calculating the

probability of detection for visible, infrared, laser and electro-optical

- (EO) sensors. These options and the option to consider the effects of
I adverse weather (rain, fog, etc.) contained in ASLSOM have been retained

in the Obscuration Model used in AMSORB, although only the option for

calculating the probability of detection in the visible region of the

spectrum has been verified. The Obscuration Model and the modifications

made in the ALSOM smoke visibility-model routine for application in AMSORB

are described in Section 2.4.2 below.

The probability of detecting a target is calculated from the

relationship (Johnson, et al., 1972)

PD 0.5 {erf 1l.462 ((CIC) B 1)] + '1 (2-137)
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where

C contrast

2M (2-138)

2- M

M modulation contrast

2(B -B B
t b

B +B (2-139)•B B+Bb
t b

B target brightness as seen by the observer"* titt
Bb = background brightness as seen by the observer

G B = threshold constrast for a 50 percent probability of
detection (visible spectrum)

* Values of CB determined by Blackwell (1946) for various target illuminations

and sizes are used in the AMSORB program (see Section 4.4). Equation (2-137)
J1I shows that the constrast C must be greater than the threshold constrast CB

to have a probability of detection of greater than 50 percent.

The target brightness seen by the observer is

t B Tt +B c (2-140)

where

Bt brightness at the target location of a target with
0 reflectivity R

t
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t= transmission factor from the target to observer

B cloud brightness with respect to the target due to light
c scattered into the line-of-sight between the target and

observer

The subset Qf equations defining B and T is
t

0

N

Bt =Rt B T. cos (180- •i) (2-141)
IV i 0l

"0i1

where the summation extends over only those light sources where is greater
0than or equal to 90 , since light sources behind the target do not contribute

Sto its brightness, and where

i,', ,th
B = brightness of the i light source (sky, sun, terrain)

0.

scattering angle for the i th light source (see Figure 4-5
in Section 4.4)

th
Ti fraction of light reaching the target from the i light

source

exp cXc v;k {x,y,z,c} di (2-142)

x • tYtZ t

, P x lYZi

-exp '' k ifXv;i z (x,y,z,t} dil (2-143)
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cc } attenuation coefficient for light of wavelength X and
' =the obscurant from the ith source

Xv;z{x,y,z,t} concentration at time t at the point (x,y,z) given by
Equation (2-41) for the obscurant from the ith source

In Equation (2-142), for example, £&l might be a smoke source, £=2 might be

a dust source and so forth for the total of P different sources. The quantity

d.Q. in Equation (2-142) is oriented along the line-of-sight between the tar-

get at (xtYt,Zt) and the light source at (xiiY,Zi). Since each light

source or sky segment is an infinite distance from the target, the position

(xi,yi,ZI) is specified by multiplying the direction vectors to the light

source by a large number (Johnson, et al., 1972). In Equation (2-140) the

fraction of light transmitted from the target to the observer T is given
•.: t

by:

Tt exp (- CLg) (2-144)

where

:CI = line-of-sight integrated concentration between the target
and observer for the obscurant from the jth source

f v(z x,y,z,t) di (2-145)

X sy ,z
0 0

where the observer is located at the coordinate (xo,Yz) and dX is ori-

ented along the line-of-sight between the target and observer.

W 5P
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The cloud brightness B is defined by the expression; C

SP N1
SI 2...d' _ (Bo i d (2-146)cdZ

where

fraction of light from the j incremental cloud volume

jo along the line-of-sight reachi:, '-h observer

ox a. (XyW;£x ,zt} dk (2-147)

C concentration due to the Xth obscurant source in the jth
j- cloud element, assumed constant within the element and equal:••to X V;z (X , yjajlt

fraction of light reaching the t cloud element from t he

light iuource

4 1 exp F- M (X.y.A.t} di (2-148)
y. ~Y [ 'JutZ

fraction per unit conuentration (dut± to tLh h obscurant) of
the light intes i-;y Whicti t% *att~red through An angle 0 into
"the obs-rvor's lint of atght

57



1F

i=,kx2 2-149)

k2

k = propagation constant

= 21T/A

and the scattering function (F 4iX}) is a complex function of the type of

*1I particle, the particle-size distribution, the refractive index of the aero-

sols, the wavelength of light and the scattering angle. The computer pro-

gram uses tabular values of this function which have been precalculated

for several types of smokes using a Mie scattering program (see Section

4.4). No Mie fractions for obscurants other than WP or HC smoke have as

yet been calculated and thus only these values are currently used in the

program regardless of the obscurant specified. When more than one type

of obscurant is present, the sunmnation over N light sources and M cloud

elements indicated in Equation (2-145) is performed for each type of

obscurant and summed over the P sources to obtain the total cloud brightness.

The brightness bb of a background of reflectivity Rb is determined

in the same manner as the target brightness in Equations (2-140) through

(2-148) by replacing the end point of integration (xt,Yt, t) with the end

point (XbYbzb) and R t by %ý. If the target and background are coincident,

the only diffeicnce in brightness betwedn them is due to the differcnce in

their rcflectivitie!ý.

iDetailed cxplanatious of the theoretical background of the

obscuration model described above Arc ,iven by Johnson. et 41. (1972) and

by Gomz and Duncan (1978).
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2.4.2 Revisions of the ASLSOM Smoke Visibility Computer
Code

Revisions in the ASLSOM sm,.ke visibility computer code were neces-

sary to make the code compatible with the concentration models described

in Sections 2.3.2 and 2.3.3, with AMSORB, to improve the computational

efficiency of the combined programs and to allow consideration oi multiple

obscurants. The significant revisions made in the code were:

0 Modification of the input routines

* Automation of the threshold contrast calculation

* IAddition of a test to determine if any obscurant is re-

quired to obscure the taiget

0 Replacement of the routine determining whether and when

the obscurant cloud intersects the line-of-sight

. Addition of a routine to divide the line-of-sight into

a specified number of cloud elements

. Additiont of coding to allow simultaneous calculations for

different typos of obscurants

* Modificatiott of the sky-partitiouing routine

- Mudificationt of the test for large obbscurant concentrations

* Modiiicakiot% of the Loet for t-wAll obscurant cotcncra ions

* ROplaccetnt of the output routino

Each of these changes i* diticussed below.



Modifications of the Input Routine

The input routines of the ASLSOM visibility program were modified

to automate the probability-of-detection calculation. In most cases,

tle data required to perform the calculations are included in the program

in the form of "look-up" tables, are calculated under various assumptions,

or aire supplied to the obscuration model from other portions of the program.

Detai!s concerning the tables, and input calculation procedures are given

in Siction 4.4 below. For calculating the probability of detecting tar-

A gets in the visual spectrum (visible scenarios), the only input required

is the position of the target and observer and a code specifying target

and background characteristics. The target is defined to be the object

being viewed by the observer. For infrared, laser and other wavelengths

outside the visible spectrum, the current version of the program requires

* -that all inputs needed by the original code be supplied.

AMSORB usts the tabular values of threshold contrast described

in Section 4.4 to calculate the probability of detection, where the

ASLSOM and SOMI codes required the user to input appropriate values. The

use of "look-up" tables incorporated within the prugrata structure has the

advantage in that the threshold contrast can be deterutined after the target

and background brightness calculations have been performed. This allows

the program to choose a value based on whether the target actually appears

brighter or darker than the background, rather than basing the value only

onl a comparison of thr two reflectivitie-. A target that is brighter

than itts background under conditions when no abscurant is present may

appear darker than itsi baekground due to obscurant above the target attedit-

ating the light which illuminatis it. For a target and background which

are coincident , this is ntot a problem .rid a comparison of r;flectivities

can bc used.
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Addition of a Test To Determine If Any Obscurant
is Required to Obscure the Target

In some cases the target and background reflectivities may be

nearly identical so that, under the assumptions made in the Obscuration

Model that contrast is the only factor affecting detection, no obscurant

is required to obscure the target. The test in, 'rporated in the modified

code compares the reflectivities of the target R and ba'ckground R b and

"defines the contrast as

-The value of C is compared to the threshold contrast C from Blackwell's

(1946) data for a given illumination and target size, using the tabular

values describcd in Section 4.4. If C is less than CB. the probability

of detection is calculated froitl Equation (2-137) with the value of C given

by Equation (2-150). For a probability of detection less than or equ.al to

5 percent, the calctdation& are stopped and a solution i- printed stating

that no obscurant i.s required to obscure the target, if the probability

of detection is greaýr than 5 percent, the complctc calculations using

Fquations (2-138) thro, '2-149) arc performed to find the actual value o:

the contrast C.

Replzteoent of the Routine Dterthining
Wethr and Whet the Obicur~ntt Cloud

re~i-! Int~ra--eet the, tine-,of-S!•

""1th modiftied ob•iut.Ation rout ine in kMSORb d--Ac not require tha

u.icr to specify times when thw probability-ou-detection or line-of-sight

conc~tratiott% are to bo calculated ,az in the ASLSOM code. Inrau.l, the

program automa:t%:41y determuiaes whothcr the obsurant cloud intcr*e:tjs

the line-oi-Uight wid the time iterval requtred for the ob"-aranz

cloud to paas. through the line- -night. The cloud arrival tinm at ttw



line-of-sight t and cloud passage time t for obscurants from each source
a p

(munition or submunition in the case of smoke sources) is given by

Xnin - 3.04 -1

a
u

and

x + 3.04 (tp 60tB + mxx(2-152)

p u

where

x =minimum alongwind separation distance between the source
min

and any point on the line-of-sight

x =maximum alongwind separation distance between the source'J- max o-ih

and any point in the line-of-sight

StB =cotal source emission time (burn time for quasi-continuous
"I smoke sources) in minutes

see Equation (2-50)x

u =see Equation (2-57)

The maximum time interval from the smallest value of t greater than

zero, calculated for all sources, to the largest value of t for allp

Sources, is subdivided into the number of times the user specifies that

probability-of-detection calculations are to be made. The probability

of detection is then calculated for this number of times during the time

l, terval required for the obscurant from all sources to pass through the
~line-of-sight.
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The obscurant for any specific soi'rce is not considered in the calcula-

tion for a specific time t 1 within the maximum time fnterva1 if the inter-

val between t and t for that munition does not encompass t* It is
a p

also not considered if there is no point on the line-of-sight between

the target and observer which is within ±5 ai (see Equation (2-62) for ai
z z

of the effective height of the cloud H~r for that source. it should be

noted that all obscurant sources are considered in the calculation of

integrated concentrations between the i light source and j cloud

element for all value~s of t within the maximum time interval. If no

obscurant from any Source pzsses through the line-of-sight between the

observer and target, no pcobability-of-detection calculation is made and

a message stating this condition is pcinted.

Addition of a Routine Used to Divide
the Lin -.o f-Sight into-

Cloud Elements

The obscurationi code in AMSORB contains an automnated procedure

for dividing the line-of-sight between the target and observer into

-lements for Lth;1 ctoud brightness CZ1C ilcltiLoRS. Thu code uses portions

of the transport and dispersiAon itidels to d'aine the l4teral and vertical

boundaries of the obscurant cloud at atay distance fto.. the source as 5
Nu ndard de-viatioas iromn the eloud c~ente.rline. eefctv lieouc

within thtse ciouO boundaries. is defined and divided into 20 equally-

spaced' cloud elements for each calculationt timse. If the line lenigth of

each elementL d- in es than I mte,-L-r at this point, the number of elements

iS dc~te4%-d until thc 1vtngth dZ in 1 eter &.ntd thisi numbvr of velm;rnett

is used in thie caliculat ions of tcloud brightness. 'Lt. on the other hand,

dt is grt:4ter chani 1 uietcr, thio trcipezoielal rule of- iitegration ii used

in comtbinat ion with thie dispursiont model to Calculate Lhc intograted

concentration alonig the vifcctivc: cloud leongthi. Thc~ :t~umt,-r oi clood

eletuents is then doutbled to 40 and a siimilat: procedure iolluwed. If di is

lessj than I meter. t~he iuinbtr of elements is r-cduccd until di eqals I

me~ter and this numbe~r of elements is used lin tht: cloud briglittness caleu-

Ia t ions. If di exceeds 1 meter for 40 elervi~Eti, tho integratted concentration
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is calculated and compared with the integrated concentration calculated

using 20 elements. if the change in integrated concentration is less than
-3

l.5x10 percent, the number of elements is decreased until the change is
-3

l.5X10 percent. The ei.tire procedure of doubling the elements, checking

F the length of dt, and comparing the percentage change with the criteria of
-3

l.5XI0 percent is continued until either a I-meter spacing or a spacing
-3yielding less than a l.5xlO percent change in the integrated concentration

is ahievd. -or the trial calculations we have performed, the procedure

has led to changes in the cloud brightness of less than 0.1 percent and

-o even smaller changes in the calculated value of contrast C used in the pro-

bability-of-detection calcula~ion.

Addition of Coding Permitting Simultaneous
Calculations for Different lypes

of Obscurant Sources

The (Obsetiratlort Model. code in AMSORB has the capability of

performing probability-of-devection calculations when sources containing

different types of obscurants are released at the same or different times.

In the 1program, the linv-.of-sighL integrated concent rations are calculated

separately for each source, which allows the source characteristics and

the ime he ourCe is released to be different for eachi type of source.

T1he line-Df-SighL concentrations and elemental conceatar~ions along the

line-of-sigh-t art! sutfmmed for each source of the same typea dad the total

attenuation czAlculatLed from the expression

ex U vi (2-153)

Viticre Lh;'re are 1 Jif fervut typcs of otbscuran'.!i and the attrentat1ý)I Coei-

tic lnt~k. L% cite 6.nu~.n iur each t~ype! ut obncuratnt. The vloud bins



of the plume containing the~se multiple obscurants is calculated according

to Equation (2-146) and takes into account the difference in scattering

and attenuationý properties of each type of obscurant.

Modification of the Sky-
Partitioning Routine

Thle user must input the number and location of light sources

to the ASLSOM and SOMI visibility codes. The number of light sources

and their location are obtained by using a separate program. For use

in the automated AMSORB program, we developed data tables in the mass

storage file containing the location of sky segments based on their posi-

tion with respect to a standard reference frame. For each data case,

this standard reference frame is translated to a new reference frame

that is oriented with respect to thle line-of-sight between thle target

and observer. These data tables are based on thle results of extensive

target brightness calculations made with the SOMI routine using hundreds

of sky partitions. The results obtained using the simplified procedure

outlined below are generally more accurate than those obtained using thle

SOMI routine.

The procedure uned to defitie Lthe. light source locations described

in Section 4.4 is based on thte divisioni of thle sky into either 6 partitions

of equal solid angle when the! sunt is shinin-g On Lthe face Of thle target or

lb partitions when Lthe sunt is behind Lthe target. In both cases, another

partition oi equal solid angle is formed whose centrold has Lthe actual

coordinatesi of the. sunt's posiAtion and has thle sun's brightneuss. The sun'S

partition may uovrlatp somue of the othot- !ky partitiolls, but this Cause's

no problemr tit the aclain tiincu each partition is handled indepiendently.

Thu sutl i4 thuti placed in its own Partition, resulting in eithemr a total

of 7 o1r 17 purtitions-- being ksioj tit thle Calculations. Thle sun's Potiitio"

16n the sky ii autonsatic~alty obtainud from a routine Qontained in the

tuesoscilo --odel routine1 . which calculates the po.Ation as a function of

date., time ot dav, tuid tho, loagitudr. and latitude. Thu cloud cover is



4 also passed to the obscuration model from the mesoscale model routine.

If the sky is overcast, the sun is not considered in the calculation and

16 partitions or segments are used in the calculations. The program will

not currently handle nighttime scenarios and some changes will be required

so the user can input the brightness and position of the moon or other

light sources such as flares.

Modification of the Test for
Large Obscurant Concentrations

The ASLSOM smoke visibility model contains a check to determine

if the existing concentration of obscurants is sufficient to obscure the

target without consideration of the cloud brightness, thus eliminating the

necessity of performing the time-consuming cloud brightness calculations.

,• 1 We have changed the location of this test in AMSORB so that the line-

integrated concentration between the observer and target is checked prior

*1 to any target and background brightness calculations. Computer runs using

data from smoke trials also indicated that the critical level of concentra-

tion required to obscure the target without considering cloud brightness

needed to be increased. Cloud brightness calculations are not considered

necessary in AIMSORB when the product of the line-integrated concentration

and the coefficient of attenuation is equal to or greater than 11, rather

than tGe value of 7 used in ASLSOM.

Modification of the Test for
Small Obscurant Concentrations

The ASLSOM model also contains a check to determine if the

amount of obscurant between the target and observer is so small that the

probability of detection is at least 95 percent. The ASLSOM program

.first calculates the target brightness, reduced by the smoke cloud, and

tdh-i calculates the attenuation of the target brightness due to the smoke

between the target And observer without making the cloud brightness

calculation. If the target brightness i. reduced less than 5 percent

by the smoke betweeu the target and observer, the ASLSOX code concludes
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that the probability of detection is greater than 95 percent and does

not perform the cloud brightness calculation. In cases where the re-

flectivities of the target and background are similar, even a small amount

of obscurant can cause a reduction in the probability of detection. For

this reason, the Obscuration Model Routine in AMSORB, in addition to the above

2 tests on transmission and brightness, computes the probability of detection

given by Equation (2-137) with the cloud brightness B set to zero before
c

the conclusion is reached that the probability of detection is greater than

95 percent and cloud brightness need not be calculated.

Replacement of the Output Routine

1 The output routine of ASLSOM was changed to reflect the types

of calculations made in AMSORB, and the MS3 Routine includes options for

selecting graphical output showing time profiles of line-of-sight integrated

concentration, probability of detection and light transmittance.

2.4.3 Limitations of the MS3 Routine

The AMSORB routines have certain limitations. As mentioned

above, the current version of the program does not contain sufficient data

in the mass storage data files to perform completely automated calculations

for nighttime scenarios, and for making probability-of-detection calcula-

Lions for lasers and infrared scenarios. Thus, when such calculations

are desired, the AMSORB program requires the user to specify the same in-

puts as those required by the ASLSOM code. Also, because of the lack of

data, we have been L,'nable to check completely the operation of these por-

tions of the code. Tho adverse weather module of ASLSOH has been included

in A{SORB, but also has not been checked.

The mass storage data files contain source data for various

tsmoke munition,, munition produced dust, dust produced by moving vehicles,

mutzil blast smoke and dust, burning vogetation, burning buildings, and

burning vehicles. Wt have included data for only those smuke munitions
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tested recently at Dugway Proving Ground. The mass storage files contain

Mie scattering fractions for only WP smoke in the visible spectrum and

HC smoke at the 10.6-micrometer wavelength in the infrared. Because of

this liaitation, Mie scattering fractions for WP smoke are currently used

for all obscurants in the visible spectrum unless other values are input

by the user. Attenuation coefficients for all obscurants at all wavelengths

of interest are also not available, although values uxist for visible light

for all of the obscurants mentioned above.

Most, if not all, of these limitations are caused by the lack of

suitable data for use in the program and will be removed when such data

become available and are placed in the mass storage data file. Details of

the data obscuration calculations now included in the mass storage data file

are given in Section 4.4.
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SECTION 3

BATTLEFIELD ENVIRONMENT SOURCE CHARACTERISTICS

The source characteristics of obscurant sources are required

for use in the MS3 and Battlefield Environment (BEC) Routines of AMSORB.

"This section contains a description of the source characteristics and

models used in developing source characteristics (SORDAT routine) for

smoke munition sources, dust clouds produced from munition bursts and

-r from moving vehicles, smoke and dust clouds from muzzle blasts, and

smoke from burning vegetation, buildings and vehicles. In some cases,

source characteristics models developed for the E-O SAEL program library

(Duncan, et al, 1979) are included in the AMSORB program and are used to

-. develop source inputs in the SORDAT routine of AMSORB.

43.1 SMOKE MIUNITION SOURCE CHARACTERISTICS

"•Table 3-1 gives the source inputs required by the dispersion

models to treat smoke munition sources. The user need only supply the

source coordinates, the dctonation time, the direction of travel with

respect to grid north of the projectile prior to detonation, and the

type of s•moke munirion being used wheu the munition is selected from one

of the fifteen munitions or submunitions for which data are available in

the AMSORB mass storage data file. Source input data for these stoke

sources are shown in T.ble 3-2. The parameters for all sources, except

the bulk white pho.!phorun (WP) source. were experimentally determined

during wind-tunnel trials at Dugway Proving Ground (Peter,.on, 1978).

The parameters for tho bulk WP munitions (last fourt munitions in Table
3-2) approximtatt vilues obt~iied by using CL profiles teasured at short

distances from sratic-iirhn of the munitionz.; in field trials (Ik,

1971b) to develop the emivsion Tharacteristcs. th orientation of the

Q.ubmunition pattcruns of the 155 mm hexaclorocthane (WC) sMoke projectile.

and the 155 W .M2 W? imoke projectile are dcpjndeut on the flight



TABLE 3-1

SMOKE SOURCE MODEL INPUTS

Parameter Program Default
Symbol ~Parameter DescriptionVluSymbol Value

x, y, z Source coordinates (in)

M Total mass before ignition (g)
0

MYF Munition yield fraction

YF Yield factor accounting for the effects
of moisture in the air

t Time of detonation (s)

0

StB Total burn time (mlin)

I CAT Type of smoke

•A, B, C, D Coefficients 
of tie source release rate

0o St.lndard deviation of the aronswind con-

o centrion distribution at the source (m)
tanard deviation of verta con-'4 ~ the crongwind con-

i:-..,, zo centrattonl distribution at the source Wm

Effective rate (if heat rel ase from quasi-
i COL itt uoutl :ýOut'ces (cal q--)

U IR Dirction ut the projectile flight with

-re-petC LO grid north (degrees) 0

TYPSm 01v type of ratiukc 0

_ __ _

7C)
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f

direction of the projectile before impact. The characteristic submuni-

tion impact pattern for the 155 mm 11C projectile, which contains 3-MI

and l-M2 canisters, is shown in Table 3-3(a) and the characteristic

pattern and other source characteristics for the 155 mm XM825 WP pro-

iectile are given in Table 3-3(0) (see Carter, Dumbauld and Rafferty,

1979 for the basis of these patterns). In the ANSORB program, the user

specifies the ground impact centroid location of the submtmnition pattern

and the direction of the projectile flight (measured clockwise from

north). Tihe program automatically calculates the coordinates of each

submunition based on the angle (p in Table 3-3 that a line joining the

submunition position and the centroid of the pattern makes with the

direction of the projectile flight, using the distance between the

impact centroid location and the submunition also given in Table 3-3.

rThe IfC munition produces elemental zinc which, in contact with

moisture In the air, produces the obscuring agent, hydrated zinc chloride.

Similarly, the phosphorus emitted by Wl' and RP tunitions produces phos-

phoric acid. I the. program, the yield factor YF accountiog for the

production oi these materials is linear.y interpolated froe tho tabular

value- of Y. V a fwinction of relative humidijy given In . wile 3-4.

The eMPirical values of the yield factors for v4? and RP were obtained

from a Dugway Proving Ground Report (DPC, 1978a) and those for HC mutii-

tions from the report by Petersen (1918). The relative humidity mea-

sured at the surface weather station nearest the Source location is used

in the calculation of YF.

3.2 EXPLOSIVE MlUNITtION SOUXC CIARLACT-RISTICS

The cxplozion ot .,.+ artillory prtijeetile ur detonation of a

itne¢ produces dud clouds from thc dust antd debris, lofted itiro tht

atmoiphere by the forev oi thv vxplo-iio-. Tha amount of duet produced

*• d=cndt on the Ntýi anld type of funttioa, the height of the detoiatio,

thc thiekna- of Vetative covvr atd the type •f iol. A 1:o0epletely



TABLE 3-3

SUBMUNITION IMPACT PATTERNS

(a) Impact Pattern of submunitions for the 155mm HC Smoke Projectile

a so Distance to Pattern
(degrees) Ceatroid (m)

1M1 348.1 36.41
Ml 15.9 13.65
M2 180.0 5.62
"Mi 175.0 43.29

(b) Impaict Pattern of subMinitions, total mass of z.uhnMUnition before
ignition (N) and source dimension koo) for the 155rmn XM825 WP Wedge

M0
-bu i M 0 Distince to Patteru

(g) ) (degrees) Centroid (W)

1 261. 10.5 180.0 120.0
2 349 14.0 175.9 105.3
3 523 20.9 175.2 90.3
4 523 20.9 174.3 75.4
5 blO 2, .4 166.0 61.8
36 697 27.9 170.5 45.6
147 697 17.9 166.7 30.9

8 697 27.9 153.4 16.8
9 610 24.4 0.0 0.0
1 0 60O 24.4 0.0 15.0

i12 521 20.9 350.5 4,5 .6
:1.3 52 3 2)(A. 352.9 60.5

14 436 17 .* 548.7 76 .5

'15 416 17.4 350.5 91.2
16 S)5l 20.9 347.9 107.4
17 4 3 17.!. 346.0 123.7

0 wthe~gi thAL ii litne joining Ow submut.ti!oa vid centroid of
thc p4Etq•• .-rakt:n vtth thlo dir¢tetla oi fli[gh-. oi the proje:ctile.

I i3



TABLE 3-4

YIEI-I F,'CTORS FOR VIP, RP ANDI HC SMOK[ SOURCES
USED IN THE P ROGRAN

Relative WP and
tuidity RP tic

(perceuL) Sources sources

0 3.42 2.09

5 3.42 2.09

10 3.57 2.50

) 20 3.87 2.98

30 4.17 3.34

40 4.46 3.57

50 4.76 3.90

60 5.06 4.29

70 5.36 4.86

80 5.b6 5.63

100 5.66 5.63

I~4



satisfactory theoretical description of all aspects of an exploding

munition has not been developed. However, empirical relationships

describing the initial dust cloud produced in an explosion have bee-n

developed principally by Ebersole, et al. (1979) and Zirkind (1979) from

data measured during field trials at Dugway, Utah (bP(, 1978c), Fort

Sill, Oklahoma (DPG, 1978d), White Sands, Ne-Lw Mexico (Lindberg, 1979)

Sand Grafenwohr, Germany (t.undien, 1979). The inputs required to develorp

the source parameters for the dispersion model are described in Table 3-5.

The only quantities the user needs to input, howvver, are the source

coordinaLe, the time of detonation, the munition type, the soil type and

the sod depth.

The wiouwt of dust available for formation uf a dust cloud is

I produced from the dust and debris propelled into the air by the e.:plo-

ion. The mass of dust lofted into the atmosphere and remaining air-

bor'ne is given by

RMD n fosVc (3-1)

where 9 is rihe soil density and V is the crater volumt. The tvrm n in

-quatiott (3-1) i!s at efficiency f~ctor for soil suspension in the atmo-

spiphere and is considered by bertsole. et. a1.( 1 9 7 9 ) to be about 0.10 for

commotn -oils. The majority of the experiniental evidence indicates the

dust produced in the dvtonatiout is partitioned inte a buoyant dust cloud

and a WotIbuOyatt dust nkirt. The AmoUnt of mass MH, found it the

buoyant cloud and the amo.uit of mts M,) in t hv. tnonbuoyant du.-t bkirr arc

given by

w, Vre tho valucez of were CtiuLmAt4d by Zirkiad (1919) t,> h

t uoynt ¢eloud

Z1 J an.d90tr 0-3)$--'-O.lu 1 ; fitlhOyai.; ldt dt.-Ut %kirt



TABLE 3-5

SOURCE INPUTS FOR THE EXPLOSIVE MUNITION
SOURCE MODEL

Parameter Program Default!•I 1 Paramecer Def ini tion
Symbol Value

j, y Scurce coordinates (m)

t Time of detonation (s)
0

ITYPE Type of explosive munition 5

W' Equivalent charge weight of TNT (kg) 6.98

f lFraction of energy available for crater
Iformation 0.6

d Detonation depth above or below the
D surface (m) 0

a a

oa 1, Coefficients for determining the average 0.503, -0.954
a2 , a3, scalr' crater radius 0.450, 1.19

b•b '1  Coefticients for determining the average 0.251, -1.17,
b2 , b3 , b4 scaled crater depth u.494, 4.72, 3.34

PS Soil density (g cm 3 ) 1.5

d Sod or vegetation cover depth \m) 0
5

ISOLTP Soil type describing the soil texture and 4
consistency

76



Studies by Ebersole, et al. (1979) showed that vegetative cover

or sod depth d reduces the crater volume. They found that the craters

volume for an explosive munition detonation could be expressed as

2c c s L (3-4)
wee 2 d 3 d

c

where r is the crater radius and d is the crater depth. The crater
c c

radius and crater depth are given in terms of a scaled crater radius r

• and a scaled crater depth d according to
c

1!/3
r r W (3-5)

and

-0.3
•: . ,d c=d•cW O.,"(3-6)

c c

The effective energy W available for crater formation is found by

reducing the available energy W from the explosive charge in equiva-

lent kilograms of TNT by some fraction f according to

W ' fW (3-7)

A table of f values determined by Ebersole, et al. are given in Table

3-6 as a fun-tiou of type of charge and detonation depth s,-Ove or below

the surface of the soil. A negative depth indicates the detonation

occurred beneath the surface cf the soil. The available energy W in

equivalent kilograms of TNT of the exploding munition required in

Equation (3-7) is given in Table 3-7 for various munitions. The density

of the soil is used in Equation (31) to determine the mass of airborne

dust. The soil density depends on soil type and a table of various soil

types and densities is given in Table 3-8. The scaled crater dimensions

in Equations (3-5) and (3-6) also depend on soil type. The empirical
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TABLE 3-6

FRACTION OF ENERGY AVAILABLE FOR CRATER FORMATION

Detona4ton Fraction of Energy DetonationSD to at on Aviilable for Dep th d D Description

Cratei Formation, f (i)

L 0.6 0 Live fire tilted at 30 degrees
2 0.6 0 Horizontal live fire
3 0.8 -0.3 Live fire tilted at 30 degrees
4 1.0 -0.6 Live fire tilted at 30 degrees
5 1.0 0 Static bare charge
6 1.0 -0.3 Static bare charge
7 0.6 0.3 Live fire

19 - - User etered bare charge
20 User entered artiliery

projectile

"TABLE 3-7

WEAPON TYPE AND EQUIVALENT WEIGHT OF TNT
(BASED ON INFORMATION CONTAINED IN DEPARTMENT OF THE

K eaonARY FIELD MANUAL FM9-13)

•!•i'o We pon W aponEqui\,alenL Charge
Weight of TNT, W'

Index Description

•i81 min mortar 1.95
[-.2 4.2 in mortar 3.70

3 1.20 mni tank gun 4.79

4 105 irn tank REP 3,06

5 155 itfn artillery 6.98

6 8 in artillery 16.63

20 User ertered type

78
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TABLE 3-8

SOIL DENSITIES

Soil Category Soil DensitySoi Catgoy_3) Desc rip tion

1 2.4 Rock

2 2.0 Clay or dry cohesive soils

-i 3 0.7 Dry sandy soils

4 1.5 Loam, sandy soil and frozen ground

, 5 2.0 Soft rock

6 1.8 Wet sand, wet loam or ice

7 1.8 Wet cohesive soils (not saturated)
and snow

10 User entered soil type
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relationship developed by Ebersole, et al. (1979) from the field data

for the scaled crater radius is

2 3
r a + 4 X a + (3-8)
c o 1 c 2c jC

and for the scaled crater depth is

2 3 4
b +b +bA + b3A + b 4X (3-9)

c o 1ic 2 C 3 c 4 c

where

d" D 1/3 (3-10)
~/W

A The term dD in Equation (3-10) is the detonation depth in meters above

or below the surface and can be obtained from Table 3-6 based on the

detonation type. The polynomial coefficients used in Equations (3-8)

and (3-9) are given in Table 3-9 for the soil categories in Table 3-8.

The dispersion models require the initial dimensions of the

buoyant and nonbuoyant dust clouds produced by the explosion and also

require the energy available for buoyant plume rise. The initial rz.dius

of the buoyant dust cloud at aerodynamnic equilibrium (approximately 20-

30 milliseconds after detonation) is used to determine initial source

dimensions. This buoyant cloud radius in meters is given by (after

1-. Ebersole, et al., 1979)

R 2.0 Wi' 3 ( (3-11)

where P is the air density in grams per cubic meter and p is
A o

1225 g m-3 . The height of the centroid of the buoyant cloud depends
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SIL

TABLE 3-9

COEFFICIENTS USED IN DETERMINING AVERAGE SCALED CRATER DIMENSIONS
(after Ebersole, et al, 1979)

- (a) Coefficients for Average Scaled Crater iadius

".. Coefficients
oi a a2 a a

Category

1, 2 0.271 -0.684 0.390 0.886

3 0.386 -0.849 0.367 0.993

4 0.503 -0.954 0.450 1.19

5, 6 0.629 -1.08 0.264 1.12

7 0.806 -1.28 -0.178 0.852

(b) Coefficients for Average Scaled Crater Depth

Coef f icients
b 0 bI b b3 b4

4 Soil 123�-4 I
Category

1 0.11' -0.477 0.270 1.84 1.05

2 0.134 0.571 0.343 2.24 1.31

,3, 5 0.189 -0.840 0.447 3.30 2.10

o4 0.251 -1.17 0.494 4.72 3.34)

6 0.331 -1.49 0.579 4.92 3.13

7 0.449 -1.82 0.322 4.11 2.02
1.8 0



""R

on the type of charge used and is higher for bare charges than for

artillery projectiles. Experimental observations by Ebersole, et al.

(1979) of dust clouds produced by explosive munitions indicated that the

initial height If of the cloud centroid is

5R; bare charges detonated at the surface

UI(t=0) (3-12)

Ro; artillery projectiles.

where t equal to zero is the detonation time. For bare charges detonated

beneath the surface, the height is given by R . The height of the cen-
0

troid of the nonbuoyant dust cloud is assumed to be zero. The initial

standard deviations of the two dust clouds are given in terms of the

initial buoyant cloud radius as

axo 0yo - o Ro/2.15; buoyant cloud

,I (3-13)
0'=ao = 1.155R•' Xo yo 0

nonbuoyant dust skirt

a .9" R;• .z o o

since the dust skirt is assumed to be a cylinder of height and radius

equal to 2R1. Finally, the energy in calories available for plume rise

is given as

Q, kW (3-14)

6
where k l.lxlO calories per kilogram of TNT.
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3.3 MOVING VEHICLE SOURCE CHARACTERISTICS

A moving vehicle can generate dust through the interaction

of the wheels or track with the ground. The dust produced is generally

small particles less than 100 .im in diameter. The inputs required to

develop the source parameters are listed in 'able o-l0. The only quan-
Lities the user needs to input, how -iver, are the vehicle location prior

to moving (for example, the grid boundary for a vehicle entering the

grid), the iniLial qrart time of vihi -le movement, the total time of

travel, a code specifying the vehP-ie type, a code specifying the soil

type, the direction of travel of the vehicle with respect to grid north

"and the speed of travel.

Some work has been done by various agencies to determine the

amount of dust produced by a moving vehic.le, However, JusL generation

depends; onl a wide variety of factors which have not been accurately

rimudeled. The source model in AMISORB is based on the urrently approved

EPA model duv•Loped by Midwest Research Institute, whioh gives the

yearly avert-ge ettissoa rate E in grams per vehicle meter as (Hane and

Cowherd, 1977)

t I

where S is the silt content of the surface soil in j rcent (percentage

of the weight in particles whose diameters are less th-v 75 Pl), Vt

is the vehicle Spoci (In s-), N' is the number of whel,, oil the

vehicle ttnd ký is the number of days during the year when precipita-
P

Lion exceeds 0.025 cm (0.01 in). Since the user of ANSORB is not inter-

ested in average emtision ratea, but requires currtent emlssiaon rZtes, we

suggest Wi be set equal to 0 for dry soil and to 365 for wet soil.
P

The silt contents as a functioa of soil type are listed in

Table 3-I1 and were assigned based on work reported by Cowhierd and
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TABLE 3-10

SOURCE INPUTS FOR TIHE MOVING VEHICLE OýURCE MODEL

Parameter ParameterProgram Defaults
Symbol Value

x, y Starting coordinates of the moving source (m)

St Start time of vehicle (s)

t Vehicle travel time (s) 0

ITYPE Code specifying the type of vehicle 1

N' The number of wheels on the vehicle or a best

estimate for track vehicles 4

ISOLTP Code specifying soil type 4

S Silt coutent (percent of the weight of part-
c icles in the surface soil which have diameters

I less than 75 pm) 25.7

6 iDirection of Lravel with respect to grid north
v (degrees) 0

V Vehicle velocit.y (m s-) 13.41
L -l

V Settling velocity of the soil particles (at s ) 0
s

W Number of days during the year with .025 cm
p (.01 in) or wore precipitation 0

0 Standard deviation of the spherical distribu-
0 tion ot the cloud at the source (n) 0.93
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TABLE 3-11

SILT CONTENT OF SURFACE SOILS

SoilS
"Soi Desc ript ion

Category Silt Concent

40 Rock
2 95 Clay or dry cohesive soils

3 18 Dry sand7 soils

4 25.7 Loam, sandy soil and frozen ground

5 12.0 Soft rock

6 0 Wet sand, wet loam or ice

7 0 Wet cohesive soils (not saturated)
and snow

10 -OUser entered soil type
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Hendriks (1977) and Miller (1979). The emission iate depends on the

number of wheels per vehicle. A table of the vehicle types and their

number of wheels is given in Table 3-12. The number of wheels repre-

senting tracked vehicles were arbitrarily assigned. The dispersion

model for moving vwhicl(,s is d•scribed in Section 2.3.'

3.4 MUZZLE BLAST SOURCE C11ARACTERLVItCS

The muzzle blast of a cannon or mortar can generate both dust

and combustion product particles which act as olsc',oi its on a battle-

field. Particulates are generated from the combustiot products of the

propellant it. 0he gun after the gases have emerged fromi the gun tube.

This propellarkt cloud is largely water vapor formed by the oxidation of

hydrogen in the cloud, but also contains smaller amounts of carbon

particles as well as a few other gases. A dust cloud is also generated

by the inlte raction Of the muIzle blast shock wave with the ground. The

¶ ground i3 compressed and, as the rarefaction portion of Lhe shock wave

passes, the Nurface layer of dust is propelled into the air. The

propellant cloud is formed almost instantly whereas the dus•t cloud

requires about b -second% to form and reach the same height as the muzzle.

Thc propellant and dust clouds coatbinxe vcry quickly and thereiore we

treat them as cou cloud. Only the particulate y•ul-a of carbon from the

"propellant combustion will be constidered in Li,u, model. For the visible

w;•,,ýIcngths this !-i a fairly good approximation, but there is meuttting

evidence (Stuebitg. et al.) that transmisNion in the infrared at 10.6 ;im

is aftected to sote extent by thb NH3 preheat in the cloud. This sectiun

desribes the s•ource model used to develop parameters describing the

dust and smoke cloud formed by thc muzzle blast of a cauion. The inputs

!needed for the -ource model are detcrioed in Table 3-13. However,

only the location of the gun and height above grout-d Of the muttlc, the

time of firing, a w•eapon code speciiying the typv of gun being fired and

a code specifying the soil type around the ,,un are roquired tuless the



TABLE 3-12

VEHICLE TYPES MODELED IN TIZ, VEHICLE MOVEMENT PRODUCED
DUST SOURCE MODEL

Vehicle NNumber of Wheels
ehiCode Vehicle Description N'

1 1/4 ton Jeep 4

',2 5/4 ton M880 4

3 2 1/2 ton truck 10

4 Dump truck 10

5 5 ton tractor 10

Ub 5 tori tractor wiLh trailer 18

7 APC 16*

Tank 18*

20 U:ier i•ntered vehicle. type -

sEstimated values fur track vehtc l.

C
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TABI.E 3-13

SOURCE INPUTS FOR THE MUZZLE BLAST
SOURCE MODEL,

Parameter e Program Default
Symbol Value

x, y Source coordimites (im)

11 11-ghL of muzzle above ground (m) 2

t Time of firing (s)0

ITYPE Code specifying the weapon type

I. Muzzle blast flash diameter (m)t

G Stalndard deviatiotn of the alorgwind con-
KO centration distribution at the source (W) 8.07

O St.,Atdard dteviaLion of the crosswind con-

.cent-at ion dist.r buttion at the source (Wn) 2.03

0 ttndard devitat ion of the vertical con-VctVLtration dJitributoUn at thd source (W) 2.03

M ,Ust; of combu.ttiotn product.s forited in the
C0c'ibutition ot the propelLCIt cI h- rge in tht

H ,*si6 of _oil propv-llod into the air (g)

tSOLWp Codc spciLfyillg the type ut s!Uil at the
vwapot, locatjutt 4

Suil dcwiity (g r, ) 1.S

$ I

I
I-

"9,



un.- wishes to use a type of weapon not considered in the input selec-
t '01 list.

The amount of smoke particulates and dust in the cloud can be

determined from the expression

, x - s + M (3-17)• A 0 S C

where M is the mass of soil propelled into the air and M is the mass

of carbon particul;aLes fortmed from the combustion products of the pro-

pellant in the gun. The mass of dust propelled into the air was calcu-

lated by using the assumption made by Gibson (1978) that the area of

iLuil affected by the mrnuzzle blast i, determined by the arca of ground

intercepted by a spherical shock wavc emanating from the muzzle and

striking the ground at an i:ncidonce angle of 60 degrees. Gibson also

-a.sumes that only 10% 01 the cicst millimetor of soil in this area

b.o • airborvie. Thus. thc mass o' soil inlected into air by the •hack

wavw Ls given by

M 0.0001 --d t(3-18)
.. .i(60 

)

Where~ 1. the: nuill dt~r ~tI) ~ - ~~i t h
- I!;f c borr holc abo,, the kt' uud 'a rh= .- b-r~ity is tivvu

it, rabic :- •a in ~ o t _ tt p-

hthe ulaM - ?i in FquAzion (3-l7) iz dctermtived by

a.•umirtg thai the or :iarbota it the pt pell~at is con, er-d tE

parttelc. and tho rest of the cortuituents Arc ,:mitretu i vo ttt f

not coalctsco Ltt anty pa ~iu!.Ai- ~aft~er cttziuti. rv =Aof edrb.;u

E- ortd it Ce aU:tioa• ot TT (aceordinag to T)mi•kLn,, '19791 i 2Th ,61-rt

.o carbon per k{ioz 1. of Ntr. Tho partieulatr st• to:

typu 0i ofwvpotz v abbaitte-d by d,ýetouifing the amount of propollant



used as An average load in the gun from the U. S. Army Field Mannual

1-M49-13. The mass of propellants containing nitrocellulose or nitro-

glycerin was converted to equivalent mass of TNT using a scaling factor

determined by comparing the energy available from the different types of

propellant powder to that of TNT. A table of mass of carbon particu-

lates by weapon type is given in Table 3-14. The size of the initial

cloud cail be determined from che dimension of the flash diameter Df,

according to Gibson (1918), by the following relationships:

1
S - D

yo 6

zo yo

xo yo

If the dimen!ýAons of the flash in length L and width W cre known, then
f

the standard devii.tion of the coCe~Itration at the soi.jrce can be deter-

.mined from

aW

Zo yo

ax (

and theste values carn bo i•put to the, progrm inaead of DU.

.3.5 BURNING BRUSH/EGE•ATION SOURCE CHARACT••RISTCS

.-rurh or vvgotat•xi c4n be igtnird by explosiotiu or incendiary

Muntiutlon! and the uibsqucnt m•oke produced In Ohe vo bua••ion cau -sub-
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TABLE 3-14

ESTIMATED PARTICULATE MASS PRODUCED FROM COM,1BUSTION
OF PROPELLANT iN A WEAPON

Mass ss of Carbon
Weapon Type Description Particulate, Mc (g)

1 81 mm mortar 14.8

1 2 4.2 in mortar 47.9

3 120 mm tankgun 1391

4 1QO. mm tank REP 298.7

5 155 mm artillery 1468

6 8 i,, artillery 5080

20 User et.zered type -
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stantially degrade visibility. The particulates emitted from burning

vegetation depend at a minimum on the amount and kind of vegetation

present, the moisture content, local meteorological conditions and the

availability of oxygen. Table 3-15 gives the inputs used in the AMSORB

burning vegetation source model. However, only the location of the

centroid of the burning brush, the time combustion starts, a code

specifying the type of regional vegetation involved, and the area

involved in the burning need to be specified for the model since the

program will automatically assign values to cther required parameters from

iata tables contained in the program.

The amount of particulate matter emitted by the fire over its

.3 entire 1,urn time i. given approximately by the following relationship

used by the Environmental Protection Agency (Vatavuk and Yamate, 1975):

M P A (3-22)
0- .f*0

where A is the area of the fire, t f is the fuel loading of vegetation

and P is the particulate yield. The particulate yield for most fires

varies between 10 and 90 g/kg of fuel consumed according to Comez,

et al. (1979) and Eccleston, et al. (1974). Thus, an average value for

Sbrush and grz J fires of

P 18 g/kg of fuel (3-23)

Its used in the computer program. The average fuel loadings by regions

'1 of the country are prfe-ented in Table 3-16 and are the same as those

usod by Vatavuk And Yamatc. The vffeetive heat release rate Q (cal -1)

"em Aitted by the fir, is given as

Q H •k Z /60 (3-24)
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TABLE 3-15

SOURCE INPUTS FOR THE BURNING BRUSH/VEGETATION
SOURCE MODEL

Parameter Parameter Description Program
Symbol Default Value

x, y Source coordinates of the centroid of the
burning vegetation (m)

At Time combustion starts (s)
i~oj 0

MYF Yield fraction indicating the amount of 1.0
combustion mass which remains airborne as
Sobscuring particles

• B Total burn time (min)

* A,B,C,D Coefficients of the source release rate 1.0,0,0.0
expression

3 o Standard deviation of the alongwind concen- 2.89
XO Itration distribution at the source (m)

: o Standard deviation of the crosswind concen- 2.89
tration distribution at the source (m)

o Standard deviation of the vertical concen- 2.89
tration distribution at the source (m)

ITYPRG Code -specifying :he type of region and 3
indicating the type of vegetacton present

Estimated fuel loading (kg m-) 6.7

Z f Average fuel load inq corresponding to the 0.8
burn rate RB (kg m--)

BBurn rate (m min ) 140

P Pollutant yield from the fire/grams of 18
particulate emitted per kilogram of ffuel
cousumed

H Heat released by the c-busion of the 3.9x10 6

particular fuel (cal kg')

AT Area of the burning vegetation for total 100
burn (m2 )
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TABLE 3-16

ESTIMATED AVERAGE FUEL LOADINGS

(after Vatavuk and Yamate, 19/5)

Estimated Average
Code Area or Region Fuel Loadin•,

(kg m-)

Rocky Mountain Group 8.3

2 Region 1: Northern 13.5
3 Region 2: Rocky Mountain 6.7

. 4 Region 3: Southwestern 2.2
5 Region 4: Intermouatain 4.0

S -

• 6 Pacific Group4.3

7 Region 5: California 4.0
8 Region 6: Pacific Northwest 13.5
9 Region 10: Alaska 3.6

10 Coasta'. 13.5
11 Interior 2.5

12 Southern Group 2.0

13 Regiou 8: Southern 2.0

14 Eastern Group 2.5

15 North Central Group 2.5

------------------------------------ --------------------------
16 Region 9: Conlifers 2.2

17 Hardwoods 2.7

20 U•ir cntercd type -
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where It is the heat emitted (cal kg-), RB is the burn rate (m2min)

f is the average fuel loading of the burning vegetation and the factor

of 60 is included to convert to seconds. If the heat released is not

input by the program user, the program uses a standard value for pine

wood and dry grass given by Comez, et al. (1979) as

61 ti =3.9 x 10 cal/kg of fuel consumed (3-25)

The burn rate RB in Equation (3-24) is determined from

, -R (3-26)
B B

where Zf is an average fuel loading for the vegetation and R is the
f B

measured average burn rate for an average fuel loading 9.C The AMSORB
2 -1 -2

program uses value*s of 14m mrin and 0.8 kg m. respectively for

S.and iX based on measurements reported by Daniels, et al., (1975).
B f

T the burn time in miLutes can be determined from the expression

tB u /RB (3-27)

twhere Ai is the total area of vegetation involved in the combustion.
¢C When tht standard deviations of the alongwitd, crosswind and vertical

concentration distributiotts at the source arc not input by the user, the

program determines those values according t•' the following relationship

Q0o yo (3.28)

zass:uming that a uniform distribution L.f vcgetation existt ov.r the entire

burn Area.



3.6 BURNING BUILDING SOURCE CHARACTERISTICS

The AMSORB program uses an approach to define source character-

istics for burning buildings similar to the approach used for burning

vegetation described in Section 3.5 above. Table 3-17 describes tile

inputs used in the burning building source model. However, only tile

location of the centroid of the burning building, the time combustion

starts, the building height, the area of the building and tile mass of

combustibles involved need be input since the program will automatically

assign values to the other parameters based on the data tables present

in tihe program.

The amount of particulate matter emitted by the fire over its
41

entire burn time is calculated using Equation (3-22). In this application

for burning buildings, AT is the area of the building, Zf is the fuel

loading in the building and P is the particulate yield. The effective

- heat release rate Q in calories per second emitted by the fire is
c

found using Equation (3-24). If the heat released is not input, the pro-

gram uses the value for pine wood and dry grass (see Equation (3-25)).

The burn rate used to determaine the heat release rate as well Ps the

burn time is given by Equation (3-26). The burn time for the building

iN given by Equation (3-27). The standard deviations of the alongwind,

crosswind and vertical concentration distributions at the source can be

input. It they are not, the program defines the alongwind and crosswind

standard deviation from the expression

AT 1/2
%..°x Oy -) (3-29)

ul 
xu 0Y

whevr AT id the building arva. The vvrtieal standard deviation at the

" source or a building of height hb iN given by

20 (3-30)
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TABLE 3-17

SOURCE INPUTS FOR TIHE BURNING BUILDING SOURCE MODEL

Parameter Parameter Description Program Default
Symbol Va Lue

X, y Source coordinates of the centroid of
the building (m)

MY F Yield fraction indicating the 1.0
"amount of combustion mass which remains
airborne as obscuring particles

"" .B Building height (m) 2.0

M Mass of combustible material in the
0 buiLding (kg)

A, B, C, D Coefficients of the source release rate 1.0, 0, 0, 0
expression

(3 Standard deviation of the alongwind con- 0.631
x. centration distribution at the source (W)

. Standard deviation of the crosswind con- 0.631
centratioY distribution ,the source (m)

ci.-"• o Standard deviation of the vertical con- 1.15

centration distribuation at the source (m)

Estimrated fuel loading in the building 20.0
- Z (kg m-)

Average fuel loading for the burn rate 0.8

Ra Burn rate for the average fuel loading 140
,pecifted by lf (M2 rtin"I)

SP Pollutant yield from the fire (grams ouf 18.0
particulate emitted per kilogram of
fuel consumed

-* ttg leac released by the comtustion of Lke 3.9 x 10
E= =particular fuel (cal kg-W)

AT Area of the burning building (m-) 3.75
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3.7 SOURCE CHARACTERISTICS FOR BURNING VEHICLE

Table 3-18 lists the general source inputs required for a burn-

ing vehicle as well as the default parameter values entered in the coo-

9 puter prog)ram. The defat,:t values are based on data for a burning

automobile obtained by Gomez, et al, (1979). The inputs in Table 3-18

are tho:;e required by the quasi-continuous source model because it is

assumed that the total vehicle burn time is on the order o' 10 minutes4

or longer. ff the program user has source input parameter values for a

burning vehicle that are nore appropriate than the default values, they

can I)e entured in the program and used in the diffusion model calculations.

.The default values listed in Table 3-18 reflect the details of

the data obtained by (oinez, et al. (1979) for a burning automobile. For

* example, the fraction MYV has been set equal to 1.0 because only the

total airborne ,iass of particulates was measured. Also, the default

values assigaed to the coefficients of the expressions for the source

release rate (Aml.0; B, C, D=0) reflect the assumption of a constant

release rate for the total Lurn time of 45 minutes. The default value

'tazsigned to the standard deviations of the concentration distributions

of the source were Zall set equal to 0.866 meters under the assumption

that the horizontal and vertical cloud dimensions were 3 meters.

SJ.8 USER-SPECIFIED SOURCE MOVELS AND INPUTS

Provision ha_ been made in the SORIDAT routine of AMSORB for

user- pecified source models which can be! applied to both instantaneous

and quasi-continuous sources. Table 3-19 lists the requisite source

A prameters iwhich must bv input by the user.
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TABLE 3-18

SOURCE INPUTS FOR BURNING VEHICLE

Parameter Program Default
Symbol Parameter Definition Value

x, y Source coordinates (m)

St Time combustion starts (s)

M Total mass of particulates 900
M0 emitted by the burning

vehicle (g)

MYF Fraction of M which becomes 1.0
airborne

"t R Total burn time (tanii) 45

A,B,C,D Coefficients of the source release 1.0, 0, 0, 0
j rate expression

Standard deviation of the along- 0.866

•XO wind concentration distribution

at the source Wm)

Standard deviation of the cross- 0.866
wind concentration distribution

at the source Wm)

Standard deviation of the ver- 0.866
C" tical concentration distribution

at the source Wm)

I cEffective rate of heat release 667>c from the burning vehicle
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TABlLE 3-19

INPUTS FOR USER SPECIFIED SOURCE MODELS

Parameter Parameter Description

7' Symbl 1

x, y, z Source coordinates (m)

M I• Total mass before i.gnition (g)

4• .YF Source yield fraction

-. t Iuitial source release time (s)

'Total burn Lime (min)

A, B, C, D Coefficients of thd source release rate
expression

0 Standard deviation of the alongwind concentra-
tion distribution at the source (in)

0 Standard deviation of the crosswind concentra-
yu tloa distribution at the source (in)

0 Standard deviation of the vertical concentra-
Szo tion distribution at the source (in)

,I' Total heat released front ittLant•neous sources

"(ca )

Q Effective rare uf heat tete,ýa trom quasi-
CContinuous suurce5 (cat s-1)

TYPSWK Code identifyting type ot ubseurant (1. . 3)

i'0

:oo0



Obicuration calculations require attenuation coefficients and

Mie scattering coefficients which depend on the type of obscurant. Th.

user must therefore enter a parameter value for the type of obscurant,

denoted by the code identification TYPSMI(, in the program. A value of

I for TYPSMK refers to IIC smoke and a value of 2 refers to WP smoke.

The program data base contains values of attenuation coefficients, tie

scattering fractions and the yield fractions YF for each of these ob-
scud'ants. A value of 3 entered for TYPSMK specifies a user-spo-ifi
obscurant and the uber must input appropriate attenuation coefficientz-

and Mie scattering fractions. Because no relative humidity yield ractions

can be entered in the program for user-specified obscurants, thr. program

assuaes that the yield factor YF, accounting for the effects oZ moisture,

is unity.
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SECTION 4

AN1SORB MODEL ROUTINES

The computer program AMSORB consists of a number of separate

routines, each of which contributes directly or indirectly to a battle-

field environment solution. This section describes these routines and

defines the basic model parameters contained in the routines. Section

4.1 describes the Mixing-Layer Analysis Routine (MIXLYR) that utilizes

rawinsonde, USAF-GWC wind and temperature data, and surface meteorological

data contained in mass storage data base files to calculate initializa-

tion parameters required by the Mesoscale Wind-Field Model. The Battle-

field Source Characteristics Routine (SORDAT), described in Section 4.2,

processes user-provided battlefield source input data to generate a data

base file containing source locations and source characteristics. The

input parareters required by the varlous dispersion models are discussed

in Section 4.3. The dispersion routines use surface meteorological data

and mixing-layer parameters provided by the Mesoscale Wind-Field Model

a. direct inputs, and source data from user-provided inputs. Section

4.4 discusses the Obscuration Model and required model input parameters.

The Battlefield Environment Routine (BEC) described in Secton 4.5 uses

the battlefield source location and characteristics data base file gener-

ated by SORDAT and meteorological parameters generated by the Mesoscale

¶ Wind-Field Model.

4.1 MIXING-LAYER ANALYSIS ROUTINE

The Mixing-Layer Analysis Routine employs a relatively simple

approach in utilizing the various types of data available from the AMSORB

mass storage data base to calculate initialization parameters for the

Mesoscale Wind-Field Model. The decision to use a simple approach was

made so that the effects of logic decisions on the derived parameters
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could be easily traced and analyzed. The Mixing-Layer Analysis Routine

is thus designed to perform a modified "single-station analysis" rather

than a more complex analysis of the pressure, wind and temperature

fields over the entire region of interest. It should also be noted that

some of the logic decisions made in accepting, rejecting and analyzing

the data are somewhat arbitrary. Where possible, we have attempted to

study the effects of the vacious decision processes. However, until the

routine is used to predict dosage and concentration fields under a wide

variety of meteorological conditions, the full implications of many of

the decision processes cannot be determined.

Key features of the Mixing-Layer Anilysis Routine (MIXLYR) are

shown in the schematic logic diagr.m of Figure 4-i. The key features

are*

0 Rawinsonde data from the closest station with a radius of

less than 100 kilometers from the release point and less

than three-hours old at the time of request are used

without modification to obtain estimates of the input

parameters to the Mesoscale Wind-Field Model

* Rawinsonde data measured at the closest station less tnan

O00 kilometers from the release point, gfeater than

three-hours old and less than twelve-hours old are sub-

ject to modification using (WC-predicted and surface

winds and temperatures

* Climatological estimates of mixing-layer del-ths and

surface wind speed& are qsed ati inputs if all rawinsonde

data are more than twelve- hours old or if there are no

stations within a 100 kilometer radius of the release

*1 poiin t
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S Climatological estimates are also used if the rawinsonde

data are more than six-hours old and the rawinsonde

surface temperature and 850-millibar temperatures have

not been modified because GWC and surface data are either

unavailable or inadequate

* GWC data are used to modify the rawinsonde temperatures

and winds at the 700- and 850-millibar levels; rawinsonde

temperatures and winds at the 700-millibar level are

replaced by the GWC-predicted temperature for that level

if the GWC-predicted temperature for the hour of interest

is within 5 degrees Celsius; rawinsonde temperatures and

winds at 850 millibars are replaced if the temperature

from the reporting surface station nearest the time and

point of release is within 5 degrees Celsius of tne GWC-

predicted temperature at the 850 millibar level for the

hours of interest

a Surface temperature and wind data from the closest

station less than 50 kilometers from the release point,

less than three-hours old, and with a surface pressure

"from the rawinsonde observation, are used to modify the

surface rawinsonde observation when it is more than

three-hours old

* Surface wind speeds from the closest station to the point

of release are used as default values for the mean-layer

wind speed if the rawinsonde data are not analyzed

*• Climatological estimates of the mixing-layer depth shown in Table 4-1
.[--are used as deau.l value• wher M the iiawlsoudq date are not available

or are not analyxed. These estimates of the edian mixing depths as a

function of month and time-of-day are based on the work of Norton and
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Hoidale (1975), who analyzed 8,236 rawinsonde observations made at W$SI.R

beLween 1961 and 1972 using zhe technique described by Holzworth (1967).

As shown in Figure 4-1, the rawinsonde data are analyzed to

determine the mixing-layer depth, mezn-layer wind direction and speed and

reduced gravity factor. In developing an automated procedure for deter-

mining the mixing-layer depth, we evaluated four methods for establishing

that a surface-based or elevated inversion was indicated by the rawinsonde

observations. 11te simple criteria associated with the four methods for

determining the base of an inversion were:

Method Criteria

1."-- > .01
Az

2 - > 0
Az -

Az -

Az

AT -4

AAZ

Srate of-tiz-tm.o- t



S~AO
w - lapse ratc of wet-bulb potential temperatur?
z

AT
v lapse rate of virtual temperature

Az

The MIXLYR routine, which incorporates these criteria, was used to

analyze twice-daily rawinsonde observations from Salt Lake City, Utah,

for the first five days of each month during the period June 1972 through

May 1973 and for all the month of January 1973. The heights of the

bases of stable lo-rers obtained from the routine were then qualitatively

compared with those selected by meteorologists from the plots of the

data. All the criteria produced bases of stable layers in agreement

with those selected by the meteorologists for cases in which clearly-

defined stable layers were present. In our view, however, the criterion

based on tt'e lapse rate of virtual temperature (Method 4) performed more

consistently than the other criteria when stable layers were not as
ý2 clearly defined and for all seasons of the year. For this reason, the

procedure finally used in the routine is based on this criterion.

The routine accept.s the raw or modified rawinsonde data and

begins the selection process by checking

AT AT -T
v,n - v,n+l v,n (4-1)Az Az -. z

8z n zn+l n

in the first height interval above the surface. If the criterion for

the base of a stable layer is met (e.g., if AT / Az > -5x10- ) and the
v'l I n h

height interval Az is greater than or equal to 100 meters, the routine

defines a surface-based inversion and sets, by default, the surface mixing

deptn to 30 meters. If AzI is less than 100 met',rs but AT 'l /AzI>-5x10 4
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the routine then checks AT /Az If AT /Az > -5xlO-
v,2 2' v,2 2

(Az1 + Az2 ) > 100 meters, the routine checks the qu;antty

T -T T -T
AT' vn+2 vn _ v,3 vl (4-2)
Az Zn+ z z, z1

n+2 n1

If (AT/Az) > -5x10 , the routine again defines a surface-based inversion.

If no surface based inversion is found, the routine increments n and

proceeds through the saiae operations until the base of an elevated

inversion is found or until z+ 1  exceeds 3000 meters AGL. If z
exceeds 3000 meters AGL, the surface mixing depth is defaulted to 3000

meters.

After the depth of the surface mixing layer H is established,

the routine analyzes the rawinsonde data between the surface and H to

obtain estimates of the mean-layer wind components and the reduced

gravity factor using the expressions:

u (z 1 -z•i n (n+l 11

n= 1 ____ _u11 H (4-3)
m InS(z.+ - :)

r1 n+ 11t

v z-

n-1
v(+ -(-)

n:'1 r i :-+1 n

*n+1 11
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Fz Zn (Zn+H zt1Li g( _ n =) Z(4-5)
Imax

where T is the maximum temperature in the stable layer above H
In the routine, g' Is restricted so that if it exceeds 0.3 it is setm

to 0.3 and if less than 0.1 is set to 0.1.

4.2 BATTLEFIELD SOURCE CHARACTERISTICS ROUTINE

The Battlefield Source Characteristics Routine (SORDAT) is
* designed to develop the source characteristics for a large number of

sources required to describe a battlefield environment problem. From a
* relatively few inputs supplied by the user, SORDAT generates all neces-

sary source characteristics required cor dispersion modeling purposes.
Additionally, SORDAT saves all source data in the battlefield source

* .location and characteristics data base for subsequent use by the Battle-
f I field Euvizonment Routine (BEC) . Routine SORDAT generates source char-
acteris•.ics tor any of the various types of sources discussed in Section
3. As shown in Figure 4-2. the routine reads user-provided data, which

* includes tre source location on the battlefield, the time of day the
source emission began, the type of source or source category, and other

* -Idata that may be required for a particular source category. Depending
"on the source category, the routine then computes or retrieves the
source characteristics required for dispersion modeling from data
tables. These source characteristics include the initial cloud dimen-
stons, the total source emission time, the mass rate of esission, and

the cloud release height or parameters required to calculate the cloud
height. Some source categories require additional characteristics; for
example, the vehicle movement source' category requires the direction,

speed and time of travel of the vehicle movement. SORDAT then stores

A 
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the source data into the data base and loops back to read another

source data card set. After all user-provided source data have

been processed, SORDAT optionally prints tables of the source charac-

teristics data based on source category.

4.3 DISPERSION MODEL ROUTINES AND METEOROLOGICAL PARAMETERS REQUIRED

BY THE DISPERSION MODELS

The meteorological parameters required by the dispersion

models are given In Table 4-2. Of the meteorological paramel:ers shown

in the table, the user need only supply the program with values of r

and A if the dispersion models in Section 2.3.2 are being used and if

these parameter values respectively differ from the default values of 1

and 0. When the MS3 Ro-utine of AMSORB is used, the subscript n

equals unity and only the values of the parameters in Table 4-2 at the

S • .source location atre us•d in the calculations.

The turbulence parameters &A atnd oK, their power-law

coefficients for height dependency m and q, and the power-law coef-

ficient p are not routinely measured at meteorological stations.

A means of assigning appropriate values to these meteorological param-

eters is therefore required. Swanson and Cramer (1965) made a com-

Sprehensive study of the height dependence of oA as a function of wind

Speed and tiee-of-day using measurements- from a 62-meter tower at WSMR.

We have used the results of this study in conjunction with a stability

clas.sificattiot system, .imtilar to the "asquill definition of tabtility

categories (Turner, 1964) used by the Environmental Protection Agency,

to .relect and assign values to these paramttrcs. Figure 4-3 is a sehe-

tatic diagrsw ot the logic sequence usted by the routitte in defining the

pdrameter, attd the use of Ehe parameters in the dispersion model*,

Krv featur-es of the procedure shown in Figure 4-3 are:
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TABLE 4-2

METEOROI.OCTCAT. INPUTS FOR TIl
S )SPEKRSION MODELS

Parameter Definit ion

NR Net radiation index

IHt Depth of the surface mixing layer at the n
m, point in the trajectory (m)

u Mean laver wind speed in the surface mixing layer
at the n point on the trajectory (m s-1 )

A, n Standard deviation of the wind azimuth angle at
'i + "the nth point on the trajectory (radians)

i•n ower-law coefficient used to discribe the height
dependency of (A,n in the surface mixing layer

(it Standard deviation of the wind elevation angle at
.,n the nth point on the trajectory (radians)

-Power-law coeff icient used to d,.!cribe the height
dependency of In in the surface mixing layer

E,n

Power-law coefficient used to describe the height
ti deperdency of wind speed in the surface mixing

;. ( laver
q- a c ef

VLateral cloud expansion coefficient
+•;i~i { {•Vertical cloud expansion coefficient

r FracE~ott of material reflected at the surface

A Washout coefficient or fraction of material
removed by precipitation seavenging per uttttimee

RA Relative humidity (percent) used to compute the
yield factor (YF) for !4moko munition.s
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FIGURE 4-3. Schematic diagram illustrating procedures for obtaining inputs
to the dispersion models.
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* Solar altitudes for the release point and time of request

are calculated using an algorithm suggested by Woolf

(1968)

* Tho routine then sucks the mo;t recent cloud and ceiling

data from the reporting station nearest to the release

point

i If there are no stations reporting cloud and ceiling data

within a 50-kilometer radius from the release point or

the data are more than three-hours old, the routine selects

a default net radiation index from Table 4-3

0 When cloud data are available, the routine calculates an

initial net radiatitn index based on SOlar altitude (also

see Table *.-I) and .idjusts L`e index based on the time-

"of-day, tccal cloud cover, and ceiling height

* 'The net radiation index and the wind speed% from the

Me.uýscale Wind-Field Model for the release point and

pointsi along the. cloud trajectory a-e used to select

turbuletce input parareter* a4nd wind puwer-law coef-

iicients tor the dispcrsion models

t-h- V4lu-S of the surface mixing depth Ii for each nS~fft, n•

point al,•ig the cloud trajectory are obtained trom the

Mesoscale Wind-Field ?Aodel aolution usiag tht inter-

polatiout procedure given by .quation (2-6)

Table 4-4(a) show• valuez ut thc c-tt-inute standard dvvi4-

tiotizi ot the wind aeitmuth atngte it. degret 0i {t'0 O Ait 0ad thiociate'

value. of the pu.er-1.iw eocitoicint m ior d-e•cribittg 0A variation

"With hcttht above thc- •uriace bANed onj the studV Ot A5lk-L, i and Lza'±er.



j"TAB•E 4-3

NET RADIATION TND~tCFS

Solar Altitude 71 Daytime Default
In Degrees Index Index

11 > (30 4 3

"35 < 71 "i 60 3 2

15 < -s 35 2 1

0 < 7) 15 1 0

Nighttime N/A -1
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TABLE 4-4

T'IRBL:Thc....E PARAMETERS FOR
DISPERSION MODELS

(a) Ten-Minute Standard Deviations of the Wind Azimuth Angle in Degrees

(o and Corresponding Values of the Power-Law Exponent m

Net Radiation Index
Wind Speed
at 5 Meters 4 3 2 ! 0 -1 -2

(m/sec) -2

,A m 6A m uA m JA "A " aA Ai

(I < 1 26 -. 109 26 -. 109 21 -. 133 15 -. 112 11 -. 120 8.6 -. 189 8.6 -. 189

1 -< 5< 3 26 -. 109 22 -. 128ý 16 -. 123 11 -. 112 10 -. 120 8.6 -. 189 8.6 -. 189

3 -< 5 < 5 19 -,122 16 -. 123 13 -. 103 9 -. 120 9 -. 134 7.8 -. 207 7.8 -. 189

5 C u< 7 114 -. 105 11 -. 11? 11 -. 117 8 -. 148 7 -. 126 6.7 -. 287 6.7 -. 189

__7 -ii_ 9 -.100 9 -. 117 8 -. 110 8 -. 148 7 -. 126 6.7 -. 287 6.7 .189

(b) Standard Deviation of the Wind Elevation Angle In Degrees (ur ) and

Corresponding Values of the Power-Law Exponent q

i:•. Wind Speed -Net Radiation Index
at 5 Meters 4 3 2 1 0 -1 -2

(m/sec)
1v q cIE q GE q E q g q oE q UE q

G < < 8.7 .10 77. :07 7:0 .07 0 3.7 0 2.9 -. 20 2.9 -. 30

ii < 3 8.7 .10 7.4 .13 15.3 .07 3.7 0 3.3 0 2.9 -. 20 12.9 -. 25

S3 s (I <5 6.3 .15 5.3 .15 3 .13 3.0 0 3.0 0 2.6 -. 20 2.6 -. 20

5 -S5<7 4.7 .20 3.7 .20 3.7 .1 2.7 0 2.7 0 2.2 -. 15 2.2 -. 15

3.0 .25 3.0 .20 2.7 .20 2.7 0 2.7 2.2-.15 2.2 -. 1
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Values of the standard deviation of the wind elevation angle in degrees

and the power-law coefficient q describing the variation of cy with

height above the surface are shown in Figure 4-4(b). These values of
aEwere assigned under the arssumption that (after Cramer, et al.,

1972) turbulence is isotropic for short averaging times and that the

one-fifth power law can be used as a scale factor to adjust CA for

averaging times less Lhan 10 minutes. Thus,

a G {T=IO mini / 46

O-r=10 min} /2.99 (-7)

'k, The values of the power-law coeffic'ent q were assigned under the assump-

tions that:

* Under stable conditions (NR =-1, -2)

0E'z 0 E'z ?1zR (4-8)

4 Under near-neutral conditions (NR 0,1)

0Ez 0 ,R (4-9

4 Under unstable conditions (NR 2,3,4)

0. 3 --p
n

E,z E'z R 'R' (4-10)
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The values of the wind power-law coefficient p, as a function

of net radiation index and mean layer wind speed used in the routine are

shown in Table 4-5. These values are similar to those suggested for use

at WSMR by Swanson and Hoidale (1962) and for Dugway Proving Ground by

Cramer, et al. (1972).

The plume-rise models described in Section 2.3.1 and 2.3.2

above require estimates of the ambient air temperature and density and,

under stable conditions, the lapse-rate of potential temperature. If

surface meteorological data are available, the routine automatically

selects the ambient air temperatures and densities according to the

procedures shown in Figure 4-3 and the lapse-rate of potential temper-

ature is calculated from the rawinsonde sounding established using the

procedure described in Figure 4-1. If no surface data are available,

the default values of surface temperature shown in Table 4-6 and a

default air density of 1204.2 grams per cubic meter are used. The

4 I temperatures in the table are based on the monthly normal and maximum

temperatures at El Paso extracted from the report "Climatic Atlas of the

United States" published by the U. S. Department of Commerce in June

1968. The values shown for a net radiation index of -1 and -2 corre-
spond to the normal minimum.temperature for each month. Similarly, the

values shown for net radiation indices of 0 and 1 and for indices of 2

and 3 respectively, correspond to the normal average and normal maximum

temperatures for each month. Finally, the surface temperatures for a

net radiation index of -4 were obtained by taking an average of the

recorded maximum temperature and the normal maximum temperature at El

Paso for each month.

If no rawinsonde data are available, the routine selects

default values of the lapse rate of potential temperature from Table 4-7

based on the net radiation Index and the calculated wind speed at the

effective source height. A default value of 1 is always used for the

vertical cloud expansion coefficient 3. A default value of 1 for the

132
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* TABLE 4-5

WIND'PO'WER-LAW EXPONENT p FOR
THE~ DISPERSION 'MODELS

Mean Layer Net Radiation Index
Wind Speed

S(m (r/s ee) 4 3 2 1 0 -1 -2

d < 1i .2 .2 .20 .20 .20 .20 .3

1 :5U-< 3 .2 .17 .20 .20 .20 .20 .25

3 :5d <5 . .15 .15 .17 .17' .20 .20 .20

5 5 <7.10 .10 .15 .15 .15 .15 .15

7 :5i .05 .10 ].10~ .10. .15 .15 .15

'33



TABLE 4-6

DEFAULT VAIY'ES OF SURIACE TEMPFRATURE T (K)

Net Radiation Index

Month

4 3,2 1,0 -1,-2

Jan 292 286 279 272

Feb 296 290 282 275

Mar 300 294 286 277

Apr 303 299 290 282

May I 308 304 295 287

Jun 312 308 1300 292

Jul 312 308 301 294

4 "Aug 310 307 300
.•5 t I293

Sep 308 304 297 289

Oct 303 299 291 283

. Nov 297 292 284 275

.1
*1Dec 293 287 280 272
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"TABLE 4-7

DEFAULT VALUES OF THE LAPSE RATE OF POTENTIAL
TEMPERATURE M (deg K/m)

Wind Speed Net Radiation Index

d{ h)
(m sec-1 ) 1 0 -1 -2

0 - 1.4 0.005 0.015 0.030 0.040

1.5-2.9 0.003 0.010 0.020 0.030

3.0 -4.9 0.001 0.005 0.015 0.020

ý!2:

1'

"' I

* !I

4
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lateral cloud expansion coefficient a is used for instantaneous sources

and a value of 0.9 is used for quasi-continuous and coitinuous sources.

The dispersion models described in Section 2.3.2 require a

yield factor (YF). The factor YF is calculated as :i function of relative

humity (RH) by the dispersion models. If ný. relative humidy value iýs

available from the Data Base, the routine selects a default value sho'rn

in Table 4-8 based on the time of day and season. The values used in

Table 4-8 are for El Paso and ac*~e obtained from the "Climatic Atlas

of tLe United States" published by the U. S. Department of Commerce in

June 1968.

4.4 OBSCURATION MODEL ROUTINE AND MODEL PARAMETERS

The function of the Obscuration Model Routine is to calculate

the probability of detecting a target. Figure 4-4 is a program logic

flow diagram of the Obscuration Model. Before a probability of detection

value can be computed, several sets of calculations must be performed,

as shown in Figure 4-4. First, the line-of-sight (LOS) integrated con-

centration from the Tbserver to the target is calculated for all contrib-

uting obscurant sources. The Obscuration Model Routine references the

Dispersion Model Routines in order to compute integrated concentration

* values. Prior to performing the more time consuming calculations such

as cloud brightness, the routine checks to determine if sufficient ob-

scurants are presevý to reduce the transmittance through the cloud to a

level at which targets displaying the largest possible contrast are

always obscured. If it is determined that this condition exists, the

routine indicates the tai get is obscured and returns control to the

calling program. Otherwise, the routine continues processing and com-

putes the brightness of the target as viewed from the observer. The

Dispersion Model Routines are again referenced for computing the observer-

to-background LOS integrated concentration and the brightness of the
1/

S~136

S[..-----..-.--- - - - --. - --.----- -i,,.-



TABLE 4- 8

DEFAULTJ VALUES OF RELATIVE HUMIDITY (PERCENT) FOR
COMPUTING THE YIELD FACTOR (YF)

Time o: Day (hours)

Season 2200 -0300 0400 -1000 1100 - 1700 1800 -2100

Winter 36 61 40 35

Spring 31 40 22 16

Summer 48 60 34 30

Fall 48 59 35 36
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background as viewed from the observer. These calculations and the

calculations of the target brightness are then used to determine if the

LOS integrated concentration is sufficient to obscure the target from

the observer. If not, a flag is set indicating that the observer has a

95 percent or greater probability of detecting the target and program

control returns to the calling program. Should an obscuration be present,

the program continues processing and calculates the brightness of the

obscurant clouds along the LOS, and finally calculates the probh.bility

of detection as shown in the flow diagram. The Obscuration Model Routine

then returns to the calling program.

The parameters required by the Obscuration Model described in

Section 2.4 are given in Table 4-9. Of the parameters listed in the

table, only the coordinates of the observer and target need be input by

the user for visible scenarios unless the user has specified a source of

obscurants not included in the data base. In addition, a code for the

target background description must be input. As noted earlier, the

inputs required by the Obscuration Model are the same as those required

by the ASLSOM code far infrared, laser, and nighttime scenarios, or when

adverse weather is to be considered in the calculations. Details of the

4 inputs required by tne Obscuration Model Routine for calculations under

these conditions are contained in Volume II, Section A.4 of the program

users' manual.

Target and background codes or turgý,.t and background reflIcc

tivities for the wavelength of intereat as well as the target size must

be entered, as mentioned above. To assist the program user, examples of

codes currently used in the model to define the type of target and back-

ground, the target size, and the target and background reflectivittes

for radiation in the visible spectrum aru presented in Table 4-10.

As an example of the use of the code to •piecify a scenario, assume the

program user wishes to calculato the probability of detecting a vehicle

with ordinary camouflage paint against a background of vegetation.

14U
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TABLE 4-9

INPUTS FOR THE OBSCURATION MODEL

Parameter Definition

Sxof Yo z Coordinates of the observer Cm)

Sxt, yt, z Coordinates of the target (m)

d Average diameter of the target (m)

Rt Target reflectivity or a code specifying
target type

Rb Background reflectivity or a code specifying
background type

thBrightness of the i light source (candles
im~-2 in the visible repion of the spectrum

and W{ m 2  steradian -l in the infrared)

,a {X} Attenuation coefficient for wavelength
X (m2 ag- 1 )

CB Threshold contrast

4 Scattering angle for the i th light
source (deg)

* F (oi l} Mie scattering function divided by the
k2 square of the propagation constant

- X Wavelength of light or a code specifying
the wavelength or regioa of interest (Wm)
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TABLE 4-10

OBSCURATION ROUTINE CODE FOR TARGET AND BACKGROUND
REFLECTIVITIES AND TARGET SIZES

(a) Target Information

Reflectivity Average Reference• ReTargetit for

Code in the Target Target Type
Diameter RefTlecatTivity

Visible Region R)Vlet
(Mn) Values

Army vehicle

(ordinary camouflage Dolce (1974)
paint)

3 0.30 10 Red brick building Handbook of Chemistry
& Physics (1957,p2745)

4 0.40 10 Wood (pine) building Handbook of Chemistry

& Physics (1957,p27 4 5)

5 0.55 5 Steel target American Institute of
Physics Handbook (1957)

6 0.69 5 Polished aluminum American Institute of

target Physics Handbook (1957)

7 0.72 1 White painted Handbook of Chemistry
sign & Physics (195 7 ,p 2 74 5 )

8 0.72 10 White painted Handbook of Chemistiry
building & Physics (19 5 7,p 2 7 4 5 )

(b) Background Information

Reflectivity Reference for

Code in the Background Type Reflectivity Values
Visible Region

2 0.08 Soil (damp) Finklesteln (1964)

11 " 0.15 Vegetation4 Dolce (1974)

4 0.40 Granite (estimated value)

5 0.93 Snov American nitituti e of

Physics Handbook (1957)

6 t.O Sky WoIce (19/4, p56)
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Inspection of Table 4-10 showa a code of 2 for the target and 3 for the

background provide the requisite input variables describing such a

scenario. The actual target and background reflectivities and target

size, if known, car be entered by the program user.

Most of the remaining parameters required by the Obscuration

Model are automatically obtained from data tables in the mass storage

fij, of AMSORB. Attenuation coefficients for various types of obscur-

ants and for five wavelengths or wavelength ranges are given in Table 4-11,

as well as the type of experimental conditions (atmospheric or smoke

chamber) under which the data were obtained and the reference citing

the experiments. The routines automatically select the proper attenu-

ation coefficient based on the obscurant type specified by the user (see

Section 2.4).

The Obscuration Model partitions the sky, as noted in Section

2.4, into either 6 or 16 partitions depending on whether the sun is

behind, or in front of, the target. For overcast skies (total sky cover

greater than or equal to 0.85), the rontine uses 16 sky partitions.

Table 4-12 shows the azimuth and zenith angles used to represent the

centroids of the sky partitions for the brightness calculations. The

azimuth angles shown in Table 4-12 are based on a referette¢ coordinate

system in which 0 degrees corresponds to grid no-th and 90 degrees to

grid east. The routine automatically trzaslates these azimuth angles to

a reference frame in which a ray with an azimuth of 0 degrees is oriented

along the observer to target line-of-sight. The sun's position and the

total sky cover are passed to the Obscuration Model through the data

base rtnagemnt sybtem frotu the Mixing-Layer Analysis Rouut te (see

Section 4.1). The sun's position is also used to diterminc the position

of the sun's partition when direct radiatiou is used in, tte calculations

for clear to pertly-cloudy days. Scatterin&g agles for tte sun and sky

partitions are calculatcd vnder the assuption that the ltgh" aourceb

"are at very large distances from the target and obt.arver. As shovt In

J.4J



TABLE 4-11

ATTENUATION COEFFICIENTS FOR VARIOUS TYPES
OF OBSCURANTS

Type of Wavelength Coefficient of Test
Range Attenuation Referenceobscurant (•) (2 mg1) Conditions

HC Smoke .4 - .7 .0033 iAtmospheric DPG (1978b)

P Smoke .4 -. 7 .0021 Atmospheric DPG (1978b)
.Oil Smoke .4 - .7 0029 Smoke chamber Allen and Simonson (1970)

Fo Smoke .4 - .7 .0047 Smoke chamber Allen and Simonson (1970)

Explosive Munition
Dust .4 - .7 .00032 Atmospheric DPG (1978c)

Vehicle Movement
Dust .4 - .7 .00024 Atmospheric DPG (1978d)

Muzzle Blast
Smoke and Dust .4 - .7 .00024 DPG (1978d)

Burning Brush .4 - .7 .0042 Atmospheric Turner, et al., (1979),
and Eccleston, et al.,

(1974)

Burning Building .4 - .7 .0076 Atmospheric Turner, et al, (1979)

Burning Vehicle .4 - .7 .0076

1HC Smoke 1.06 .00098 Atmospheric DPG (1978b)

WP Smoke 1.06 .00059 Atmospheric DPG (1978b)

Explosive Munition 1.06 .00035 Atmospheric DPG (1978c)
Dust

••4 Vehicle Movement• 1.06 .00019 Atmospheric DPG (1978d)

Dust

Muzzle Blast
Smoke and Dust 1.06 .00019 DPG (1978d)

j-IC Smoke 3.4 .00011 Atmospheric DPG (1978b)

WP Smoke 3.4 .00023 Atmospheric DPG (1978b)

Explosive Munition
Dust 3.4 .00027 Atmospheric DPC (1978c)

uVehicle Movemen 3.4 00016 Atmospheric DPG (1978d)

""Dus"
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TABLE 4-11 (Continued)

Type of Wavelength Coefficient of Test
Range Attenuation Reference

Obscurant (m) (mgl) Couditions

SMuzzle Blast 3.4 .00016 _ DPG (1978d)
SSmoke and Dust

HC Smoke 9.75 .000044 Atmospheric DPG (1978b)

WP Smoke 9.75 .00027 Atmospheric DPG (1978b)

Explosive Munition 9.75 .00021 Atmospheric DPG (1978c)
Dust

Vehicle Movement
Vi Dust 9.75 .00013 Atmospheric DPG (1978d)

Muzzle Blast
Sk n u9.75 .00013 DPG (1978d)•, Smoke and Dust

IIC Smoke 10.6 .00015 Atmospheric DPG (1978b)
WP Smoke 10.6 .00048 Atmospheric DPG (1978b)

Fog Oil Smoke 10.6 .00025 Smoke Chamber Allen and Simonson (1970)

FS Smoke 10.6 .00052 Sr.oke Chamber Allen and Simonson (1970)

Assumed to be identical to the attenuation coefficient measured for
dust clouds produced by surface dust generated by a moving vehicle.

The attenuation coefficient for a burning vehicle is assumed to be
approximately equal to the coefficient for a burning building.
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TABLE 4-12

ANGLES REPRESENTING THE CENTROIDS OF

THE SKY PARTITIONS

(a) 6 Sky Partitions (used when the sun is in front of the target)

Azimuth Zenith
4(deg) 8 (deg)

60.0 14.4775

180.0 14.4775

300.0 14.4775

60.0 48.5904

180.0 48.5904

3 00.0 48.5904

(b) 16 Sky Partitions (used when the sun is behind the target or
obscured by clouds)

Azimuth Zenith
. (deg) 0 (deg)

22.5 14.4775

67.5 14.4775

112.5 14.4775

157.5 14.4775

202.5 14.4775

247.5 14.4775

292.5 14.4775

337.5 14.4775

22.5 48.5904

67.5 48.5904

112.5 48.5904

157.5 48.5904

202.5 48.5904

247.5 48. 5904

292.5 48. 5904

337.5 48. 5904
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Figure 4-5, the light rays arriving from each source can thus be assumed
th

parallel, and the scattering angle i for the i light source is

determined from the cosine law as follows:

cos sin 8' • sin + cosO' • cos i cos (4-11)

where

azimuth angle with respect to the observer-target line-of-
sight for the ith light source

th
1 Gi elevation angle of the i light source

8 = elevation of the line-of-sight with respect to the plane
of the horizon

Table 4-13 gives two sets of the Mie scattering function F{pi, A}

divided by the square of the propagation constant k for scattering angle

increments of 2 degrees currently contained in the data base. The

values for the dilute WP in the visible spectrum shown in Table 4-13 were

obtained from the SOMI program (Johnson, et al, 1972) and the values for

1HC at the 10.6-micrometer wavelength were obtained from the ASLSOM code

(Gomez, 1978). The obscuration routines use linear interpolation to

determine th,,a exact value of F{pi,X}/k 2  for the scattering angle calcu-

lated from Equation (4-11). In the absence of values for HC smoke in

the visible, the program uses the values shown in Table 4-13 for dilute

WP smoke. Should Mie fractions for other obscurants and/or other wave-

lengths be required, they must be entered by the user (see Section A.4

S- of Volume II).

The Obscurant Dispersion Model routine is called when concen-

trations or line-of-sight integrated concentrations are to be calculated

• I •for use in the transmission and brightness calculations. At this point,

the obscuration routine also performs the tests described in Section 2.4
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10- TABLE 4-13

VALES F F~~,}I 2 FOR DILUTE WHITE PHOSPHORUS

AND HEXACHLOROETHANE SMOKES

Scattetni catng g cantlerin Scattering Satrn

Ange cateScgAttlern Scattering Angle Satrn
AngleFraction (e)Fraction Fraction

(deg) (deg) dg

________ (a) bilute Whiite Phosphorous (WP) in the visible

-2 -4 -
0.0 .789l 2  62.0 13280 4  124.0 4.19813x105
2.0 1.15003x102  64.0 1.17992x 0-4  126.0 4.42084x105

4. .08 -20  6. 1.05331x105  128.0 4.65831x 0-5

6.0 9.49033xl 0
3  68.0 9.41838x105  130.0 4.91241x105

~':8.0 8.09441xl0_ 70.0 8.43939x105  132.0 5.18116x 05
10.0 6.67796xlO0 72.0 7.57852x105  134.0 5.45844x105
12.0 5.37472x10 3  74.0 6.82063x 0-5  136.0 -.3951 5

14.0 4.25876x10 3  76.0 6.15570x10 5  138.0 6.02246x105
16.0 3.35111x 103  78.0 540.07700x10l
18.0 2.63791xlO 3  80.0 5.07699x 0 5  142.0 6.31820x105
20.0 2.08918xl102. 4.64580x105  142.0 6.91061x10582.0 14. -.16x0 5
22.0 1.67184xl 0 

3  84.0 4.27384x10 5  146.0 7.21815x105

24.0 1.35602x103  86.0 13.95518xio ~ '48.0 7.53955x 05
26.0 1.11700x104  88.0 3.68754x 0-5  150.0 7.88504x10-

28.0 9.35254xl0 4  90.0 3.46875x 0 5  152.0 8.25509x10 5
*30.0 7.95836xl0 4  92.0 -.9841 5  154.0 8.63627xl10 5

32.0 6.87646x 0 4  94.0 3.15606x10 5  156.0 '9.01061x105
34.0 6.02473x104  96.0 3.05042x105  158.0 9.36426x10

36.0 5.34125xi10 4  98.0 2.97533X10- 160.0 9.67548x10-5

38.0 4.77872xl10, 100.0 2.93072x 0-5  162.0 9.88716x105
40.0 4.30176xl0-' 102.0 2.91520x105  164.0 9.90212x10 5

*42.0 3.88561x1O4L 104.0 2.92579x10-5  166.0 9.63625x10-5
44.0 3.51418xl04  106.0 168.0 9.1071x0
46.0 3.17742xl0-4  108.0 3.01796x10 -5  168.0 9.109716x10 5
48.0 2.86893xl104  110.0 3.09933x10 5  170.0 8.06427x 0 5

500 2.58 465xl 0
4  12. 3.20259xlu 5  172.0 8.006542x10

50.0 112. 17. .05x 5
52.0 2.32238x10 4  114.0 3.32457x10 5  176.0 8.29279x10 -5
54.0 2.08134xlO 4  116.0 3.46332x105  178.0 8.67358x10
56.0 1.86144x]l0 4  118.0 -1651 5  180.0 8840x0

*.58.0 1.66238xl04 120.0 3,79510xl10 5

60.0 1.48329xl0 122.0 3.98892x10

149



TABLE 4-13 (Cont inued)
VALUES OF Fi,}/k 2 FOR DILUTE WhIITF PHIOSPHjORUS

UAI) HEXACHLOROETHANE SMOKES

Scat teting Scattering Scat tering a SCa Scattering
Angle Anple Anile Scattering(deg) Fraction (deg) I Fraction (deg) Fraction

(b) llexachlorocthane (11C) in thc Infrared (10.6 urm)

0.0 1.45197x0 4  62.0-1245.204 62.0 -I1.3 2 7 05x0 5  24.0 1.73621x10. 62.0 1.44700x 0 4  64.0 l.196 3 7x10-5 126.0 1.71047xi0_64.0 1.43221x 0 66.0 I. 0 800 2 xl0 6  128.0 l.6 8 992x10_ 66.0 1.40794x 0 4  68.0 9.76416xi0_6  130.0 1.67422xI0 68.0 1.3 7 476x10-4 70.0 8 . 8 4 15 4xi0_6 132.0 -.66315xi0 6

10.0 i. 33343x0�4  72.0 8 .- 198 7x10 6  134.0 1.65651x10 6
12.0 1.28485x0 4" 74.0 7 . 2 8812xi0_6  136.0 1.65417xi0_ 614.0 1. 2 3007x10- 4  76.0 6 . 6 36 52 x10_6 138.0 1.65602x!0 6
16.0 1.1 7 022x!O 76.0 • .1-1 78.0 6 .05637x10 0 .6 6 2 00x10 618.0 I.0648xi0_4  80.0 5.53996x10_6  142.0 1.6 7 2 04xi0_ 620.0 1.04' 82.0 5-08040xi0 6  144.0 1.68605xl0_622.0 9. 7 2 039xI0-_ 84.0 4 . 6 7152x10_ 146.0 l. 7 0393xi0 624 0 9. 03570x10 _
24.0 86.0 4 .30779x106  148.0 l. 7 2 551x10_6
26.0 8.35627xi0 88.0 3.9842 7x10_ 6  150.0 1.75057x10
28.0 7.69090x10-0 3.69652x0630.0 7.04710xO0- 90.0 3 . 6  x0152.0 I 7 7 878x0 6" 30 - 92.0 3 "4 40 6 0x10 6  154.0 1.80974x10_6
32.0 6.43100xi0 5-5 94.0 3 . 2 1297xi0_6  156.0 1.84 2 94x10 6
'34.0 5.295x10_5  96.0 3 .010510 0_ 158.0 1. 8 7 7 79x10_ 6
36.0 5.2995Ix10 98.0 2 . 8 304 6x1 -6 160.0 1.91359x10_6
38.0 4.78963xi0 _ 100.0 2.67037x10 6  162.0 1.94956xi0_ 6

-62. 162.0 1.98490x10-6
420.0 4.31870xi0- 5  102.0 2.45281810_ 164.0 0.9 8 490x10 6
42.0 3.4290x10 5  104.0 2 .40680xI0 166.0 2 .01874xi0_ 6
44.0 3.49290x10- 106.0 2.28981x10 6  168.0 2 .O5O22xl
46.0 3. 1 3376x10 2.19069'10- 170.0 2 '07852xO-6

480 2.1371 5  108.0 2109i50.0 2.8137x10 110.0 2.10318x10-h 172.0 2 .10285x10_ 650.0 2.52346x10"-5  112.0 2.02615x10- 6  174.0 2 .12255x0 6

52.0 2 26356xI 0-5 114.0 1.95864x10- 6  176.0 2 .13 7 04 xl0_ 654.0 2 .0311 3 xlO -5 116.0 1.89975x10- 6  178.0 2 .14591x10_ 6
156.0 . 8 2 363x10 5I 118.0 1.84872x106  180.0 2.14889x10

58.0 1.63'.3x10- 120.0 1.80484x10-6
60.0 1. 4 7 :;82x10 -5 122.0 1.76752x10 -6
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to determine if any obscurant is required to obscure the target or if there

is too little obscurant present to affect the probability of detection.

The amount of direct and diffuse illumination of the scenario is an important

parameter in the calculation of the target and background brightness, cloud

brightness and in determining the threshold contrast. The present version

of the obscuration routines provides for three levels of sky luminance: a

clear to partly cloudy day (total cloud cover less than 0.85) with the sun

near its meridian, a mostly overcast day (total sky cover equal to or

greater than 0.85) and a clear to partly-cloudy day at sunrise or sunset.

Luminance levels for these sky conditions used in the routines are shown in

Table 4-14 (Handbook of Chemistry and Physics, 1957). The direct sun
6

luminance of 6x10 candles per square meter for sunrise and sunset under

clear to partly cloudy sky conditions is considered to occur, for calcula-

tion purposes, between one half-hour prior to and one half-hour after

sunset and sunrise, respectively. The diffuse sky luminance of 8000

candles per square meter is an average brightness for the sky according to

j thM Handbook of Chemistry and Physics, (1957). The brightness for each sky

partition B is obtained by dividing the indirect radiation value given in
oi

Table 4-14 by 6 or 16, depending on the number of sky partitions used in

the calculation. For clear to partly-cloudy skies, when direct radiation

is present, the sun's partition is assigned the brightness of 1.6x109

candles per square meter. For infrared scenarios, the sky brightness is

not input. Instead, as described in Section A.4 of Volume II, radiance

values for the target, sky and terrain in microwatts per square meter per

steradian must be input by the user.

The threshold contrasts for a 50-percent probability of detection

used in the routines, and shown in Table 4-15 as a function of illumination

level and target size, are compiled from data presented by Blackwell

(1946). It should be noted that these threshold contrasts are for viewing

in the visible spectrum by the human eye. Two sets of threshold contrast

values are given, the first for use when the brightness of the target has

been cil-ulated to be *ore than the background brightness and the second

set when the target brightness is less thiAn the background brightneas. in

the test to determine if smoke is required to obscure the target, the
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TAPLE 4-14

LLUMINANCE LEVELS FOR VARIOUS SKY CONDITIONS

Direct Indirect
Radiation Radiation Skv

2 2 Condition
(c and les/ /) (candles/mC

1.6x10 9  8000 Clear to Partly Cloudy
(TSC* < 0.85)

0 8000 Mostly Overcast
(TSC _> 0.85)

6.0x10 6  8000 Clear to Partly Cloudy
Sunrise & Sunset

(TSC < 0.85)

TSC is the total sky cover or fraction of the sky covered by clouds.

IS
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TABLE 4-15

THRESHOLD CONTRAST VALUES

2
Target: Size Total Available Luminance (candles/mr)

(minutes of arc) I 0 2  1

(a) Threshold Contrasts for Targets Brighter than the Background

150 0.0027 0.0027 0.0027 0.0030 0.0038

100 0.0027 0.0027 0.0028 0.0032 0.0044
50 0.0028 0.0028 0.0030 0.0034 0.0050

20 0.0031 0.0033 0.0036 0.0042 0.0073
15 0.0034 0.0038 0.0044 0.0051 0.0095
10 0.0042 0.0050 0.0064 0.0073 0.0150

8 0.0052 0.0062 0.0091 0.0096 0.020

6 0.0068 0.0083 0.012 0.014 0.030
4 0.01t 0.0135 0.021 0.025 0.055

2 0.025 0.036 0.062 0.082 0.190

1 0.072 0.130 0.230 0.340 0.800

(b) Threshold Contrasts for Targets Darker than thc Background

150 0.0070 0.0070 0.0072 0.0073 0.0092
o00 0.0074 0.0074 0.0077 0.0079 0.0102

50 0.0087 0.0087 0.0094 0.0100 0.0138
20 0.0130 0.0130 0.014 0.0160 0.025

15 0.0155 0.0155 0.017 0.01)5 0.031
10 0.021 0.021 0.023 0.027 0.045

8 0.026 0.026 0.029 0.034 0.059
6 0.035 0.034 0.040 O.C147 0.085

4 0.056 0.054 0.065 0.082 0.150

2 0.150 0.140 0.175 O.,'.0 0.410

1 0.470 0.450 0.520 0.-'560 1.00

i•p



target and background reflectivities are compared to determine which set to

use in selecting the threshold contrast for comparison with the contrast

calculated from Equation (2-150). The angular size of the target in

minutes of arc 6 is determined from the expression

-1
6 120 tan (d/2D) (4-12)

4 where d is the diameter of the target obtained either from Table 4-13

when a code is used to specify the scenario, or from input specified by

the user. The distance D between the target and observer is given by

(0 -t + (Z0  2 Z (4-13)
~(x t)2  + 0 Zt)

For target sizes intermediate between the tabulated values shown in

Table 4-15, the routines use linear interpolation to obtain the requi-

site threshold contrasts. Although Blackwell's data show that the thres-

hold contrast iz not linear with target size, the errors iatroduced by

j, linear interpolation between the target sizes in Table 4-.5 do not

greatly affect the probability-of-detection calculatiou.

Finally, as shown in Figure 4-4, the cloud brightness is cal-

culAted, if ndcessary, and the probability of detection is calculated

for the first time step. After the time profile of probability-of-

detection has been completed, the results are- storted in AMSORBS'• data

files.

• 4.5 BATTLEFIMEL NVIRONM•RET ROUT•INE

SThe firt fuection, oj t•te A..(ORk battlefield Environme•ut

Routine (WEC) is to diterutin ;sourcai on tho battlefield thtat o-t
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likely contribute to the observer-target LOS concentration, and to the

obscuration of the target. BEC then references the Trajectory/Transport

Routine, Obscurant Dispersion Model and Obscuration Model Routine to

perform the concentration and obscuration calculations for these selected

battlefield sources. Figure 4-6 is a schematic diagram showing the flow

logic of BEC.

As shown in the first two boxes of the BEC schematic diagram

(Figure 4-6), the routine reads user-provided input data discussed in

Section A.4 of Volume II and reads the mesoscale analysis meteorological

data base created from the Analysis Phase routines of AMSORB. From

these input data, the routine computes parameters remaining constant

throughout the calculations. .ue to the size of the battlefield grid

"and the need to conserve calculation time, a closed boundary is defined

using the Trajectory/Transport Routine discussed in Section 2.2 to

eliminate sources which can not possibly affect the observer-target LOS

concentration or probability of detection calculation. As shown on the
second page of Figure 4-6, BEC loops over all battlefield source loca-

tions to determine sources within the closed boundary, reading the

source locations from the battlefield source location and characteris-

tics data base previously created by the SORDAT Routine discussed in

Section 4.2. The BEC Rnutiue sets a flag (eligible source flag) for

those sources within the boundary, effectively eliminating sources

outside the boundary from further consideration1 and references tho

TraJctory/Transport Routine to calculate an average wind speed, travel

dintaIAcO anId travel timt betwdtýn the grid point elosvst to each su'ci;

and the LOS.

As shout. on pages 3 and 4 of Figurc 4-6. BEC makes a second

loop over all battlgfield tiources and 4gain rio.reunee.i the battlefield

source location and Jharacterittcs data base created by SORDIAT. Al-

though p oe.siitg battleliold source data vould be Wo Vficii"nt if the

data wvrc ittitially tr txi=rred trotm thil =4N; htorAge data bh:=i to core

- ;• • ; 5 .. .. . • - -• •'w z• •" • .. . . :- 2 . ..:: . . .. ..•'. :1:
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memory, BEC assumes that the initial number of battlefield sources can

exceed BEC's core memory array allocation. The purpose of this second

and successive loops over the battlefield source data from a mass storage

data base is to select the sources most likely to contribute to the LOS

concentration and the obscuration of the target. For "eligible" sources,
BEC determines if the source has been released prior to the user-input

calculation time. If the source has beet, released, BEC determines if

the source is within one mesoscale grid spacing from the line-of-sight.

In our diagram, we have called this source a "close" source and all

other more distant sources are called "fir" sources. If the source is

"close", BEC references the appropriate obscurant dispersion model and

computes its contribution to the observer-target LOS integrated concen-

tration. The computed concentration is then sunmied with the contribu-

tions from other "close" sources. If BEC determines that the summed

contributions are sufficient to obscure the target, all processing is

terminated and the user is notified that the target is obscured.

If no obcuration exists at this point, BEC has recognized all

sources which have be.•n released prior to the user-specified calculation

tiime and has calculated LOS integrated concentrations for "close" sources.

The BEC logic showu on page 5 of Figure 4-6 is designed to determine if

the clouds from the "far" sources are in the vicinity of the LOS at the

specified times defines th, "close" sources and the "far" sources whose

clouds arv inL the vicinity of the LOS at the user specified time as

"active" sources, and assignN a priority to these active sources based

on distance irom thv LOS ("far" sources) and concentration ("close"

sources) . Up to this polui, BEC ha% rstrievcd and stored all battle-

field source data from and to mas storage data bamts. To increase the

lspeed of subsequent processing, BEC stores all information for the

active Sourc-i with highv-et priority Into the program'iS core umomry

6trays a% hhown otn pagv b of Figure 4-6. it should be voted that the

number of active sourcr. _-otld exceed the routino'4 core te•taory array

limits (currently equal to 200). If this occur:', the routine prints a

#4rning tessage an4 pro,:eves the 700 highe.st priority sourcev.

1b5
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The primary purpose of the BEC logic shown on page 7 of

Figure 4-6 is to effectively use the Trajectory/Transport Routine de-

scribed in Section 2.2 and the Dispersion Models described in Section

2.3.1 in moving and dispersing clouds from a point of origin "far" from

the LOS to a distance not greater than one aesoscale grid spacing from

the LOS. In effect, the models are used to redefine a "new" source

close to the LOS with dimensions equivalent to those predicted to occur

for cloud travel over a trajectory from the source far from the I.OS.

The "new" source has a release time equivalent to the original time of

release plus the predicted travel .ime along the trajectory from the

point of origin to tho location of the "new"t source.Thaprrit

cloud-rise equations described in Section 2.3.1 are also used to define

•-j ithe cloud rise from buoyant sources and thus the effective height of the

'Fnw•w" Source. Aý: shown on page 8 of Figure 4-b, the contribution of the

91"=" "new" source to the LOS integrated concentration is then calculated and

added to the sum of concentrations from the sources originally "close"

to the line of -.ight au:! all previously processed "new" sources whose

origii wa- closer in distatce to the LOS. If the surnaed concentration

clearly exceedsi the coCgentration required to form an obscuration, the

""rograt cea-,s Lu process -;ources and informs the user the target is

I obscured. Otherwise, sourcv- are processed until there are no more
Sactive soirce to consider. AL Ohis point, the program calculates the

probability detecting the target, if the obscuration cption has been

" selectod by the user, using the Obscuration Model Routiwc. described in
Section 2.4. The Obs•utatiott Model Routine also copur, ti the target,

background and cloud brightut-ss., and the target-back.r• und eontrast.

Wh.hn all model proccssing is completed, 8,YC .utputs the input

data and thc rthultt tu a printer device and to a h-ttlrciold rezults-

data b4:se Ai shown on the ttinAl page of Figure 4,'.. 7-,C outputs to the

printer d-vico ,•oin of thO u-.cr-provided input d..aa, t'c observer-target

C. lfne-uf-sight ittgroated concetitratitan and thr ob 'rvwxr-target trdut-
mi t ttt¢e. For the obscurAtioa ,vptiou. the lffuhcu4a L Model c-C4lat ion

i M6



results are also printed. Finally, a brief message is listed indicating

what portions of BEC were utilized. The messages may also indicate

diagnostics or errors that occurred during program execution. Refer to

Section 6 for an example print output produced by '3EC. Upon completion

of all model processing, the battlefield results data base contains all

user-provided data and meteorological constants unied in the data case

and all CalculaL*.d results. Thie data base also contatins a calculation

result code which indicates the portions of BEC utilized in the proces-

sing and is analogous to the messages listed on the printer device.

• &



SEG*TION 5

STRUCTURE OF THE COHPUTER PROCRAiM:

ANALYSIS, DATA PROCE'SSOR, APPLICATION0 AND

GRAPH1ICS PHASES OF AMLSORI3

Figure 5-1 ShOWS the eXecutLy~e components, in the form of a

block diagram, of the AMSORB system. The AMSORII executive system
manaper, labeled XE.CAMS in Figure 5-1, is where al,' processing begins

and ends. The executive! syste-ms mnanager on option passes control

to the Supervisors' labeled ANALIZ, DATPRO, APPLY and PLTrPRG.

Trhe Analysis Supervisor ANALIZ controls all processing in

* ~the Analysis Phase of ANSOR13 and passes Control to the Mixing-Layer

"Aayis an -eoscale! Wind-Field Models foreman MIXLYR or to other

HmL-tc-orological anatysis model routines. The operational el-cments of

1 MI1XLYI( are do-scribed in Sect ion 5.1 below.

The Data Proucessor Superviso;r iJATPR() controls all procesý-i-g

in the Data Procesisor Phase of AMSORB and passes eunt rol to tho Rattle-

fivld orce Kuatrst~ ~ut iav forentit-A SORIJAT. `4ection 5.2

Cul~tl ýt dV:.iOf o the Operational eltvfents of SORDA'r. T1he Appli-

cation Supervi~ior APPLY pasios control on Option to the Trjice Eory/Transpor't

7 bispvrsioun Mudel Lpplication foroman TRYDIF, to ~ho ?S3 Obscurant Dis-

persion and Ob!:curAtioa Models application forc~ei Mý1A. to thfý battle-

Si-eld Envirun~tftnt Ruutinv (flEC) Ob~iseurdat Disper.-ion aid Obtieuration

Mudvlzi Application turc7dun BEC. or to eIthor 4pplieetioa routiflo.

the operAtiontal elomonts Of TRYDIV, HSI And BEC arc doseriboeA itt

Soetiou ".3.1. 5. 1.2 And 5...rsetvl. At the ctplition i o~Any

oi thctac phtvý protgram eontrul Is returtied to XECAMS. The, oxecutivw

siyzitcta tnauiger can addres~. on option, the Gra4phie4 Supcvitior

PLTPRC to ubtain cither printed or pluttod Nolutton-t dvvclup46d itý rho

4plicitioa routiuces. Futrthvr dvtail.- of the Cr4phicti Supcrvtisor

PLI-PAG 4rc dr.4cribed in Sv,ýtion ' .4 bclL*_.

lf-S
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5.1 ANALYSIS PHASE OF AMSORB

As shown in Figure 5-1, the foreman MIXfLYR of the Analysis

Phase of AMSORB is comprised of the two operational elements MXOBAN and

SOLVMX. The operational subroutines of MXOBAN are shown in the block

diagram in Figure 5-2. The operational element MXOBAN controls the

analysis of all meteorological data and passeS Lhe results of tLie

data analysis to the subroutine SOLVMX at the completion of execution.

The AMSORB System user requests transport and dispersion information for

a given time and source, which is then passed to RKOBAN via XECAMS. The

1IXO1"N Mixing-Layer Analysis Model routine then proceeds to analyze

rawinsonde, GWC and surface meteorological data according to the logic

process described in Section 4.1. The subroutine MXUADT obtains ra-

winsonde data from the AMSORB data base for the desired solution time and

source location. GWC prediction data .-nd Surface weather observations

for usc in the analysis are obtained froe the data base via the sub-

routines ,WXCWDT and MtXStF)'. Thest: subroutines also use the GWC and

surface data to tmodify the rawinsonde data ift appropriate. The sub-

routine ?4.XSFDT also calculates the net-radiation index tor the surface

"i.ateorological ,tation using information obtained from the LONLAT and

DAYNIT subroutinei . The rawinsonde data are then used in the subioutine

LYR1tAM to calculate thc depth or the surface mixing layer and the mean

"wind cotpouent6 in the layer as described in Section 4.1. If in!utfie-

ietnt data are avtilable for calculating the mixing-layer depth or wind

,cf coponents, default data arc supplied via the LYRDHM and M-XSFLiT -ub-

routines. Control is then rtutned to the operatiuul elcamnt MIXLYR

and proecsitig cuntiauc by br~nching to the subruutine SOLVMX.

A block diagram -shotdng oputertionAi jubolctfento of 9OLMX it

iVeit it, Ftputc S-'. Proeczbin• hotiax through cxdaeititor. of tthi Meino-

:2cIea Wind-.4ield ?vel routine itput paameter r pased to SULV'L( fr,'-t

MIXLYR to detcrmitv, Vhich of two procedure. adr to be u=ed in intitial-

-it'ig tht Mvoscale Wtnd-'ield Modol routine. The", the input p.ýr=m-

etor. frott MtXLYP are etpar-d in tho aubroutinte RST5T vith tlc input

I i.Ut
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parameters used to generate the last solution of the mesoscale routine

resident in the AMSORB data base. The mesoscale routine is initialized

with the new inputs from MXOBAN if the mean layer wind speeds and ele-

vation of the mixing depth above mean sea level (MSL) differ by more

than twenty-five percent and the mean wind directions differ by more

than ten degrees (cold start). The initial layer depth and momentum

components for a cold start are given by the expressions

MiI

Hm;i,] = n,j 5)

, M,j = Un H hm' (5-2),~ nBHn in)

NV - (5-3)
i i, n Hi Bin)

where

H' mixing depth (MSL) calculated for the present hour
n

U = easterLy component of the mean layer wind for the
n present hour

... in =minimum terrain elevation (MSL) in the solution matrix

Vn northerly component of the mean layer wind for the pre-
sent hour

If the differences are less than those specified above, subroutine MXSTRT

calculates initialization patrameters for a "hot" start from the expres-

sions
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I :

H1m;i,j (Hlj ,- -h, ) + '- i' (5-4)

M II -h' 'I + (I - h' Ul; (ij t; ', ,n -Un )

(5-5)

+ U "n - o)

Ni~ ,. - hi ij+ • - " -°~ ij ij H, h" ("'o hmin) (Vn Vo)

V :i (5-6)

"+ V

where

, j = mixing depth (MSL) at each solution matrix grid point
for the previous wind-field solution*i

-7 h' = terrain elevation (MSL) at each solution matrix grid
point

Rf' mixing depth (MSL) used to initialize the previous' ~0
0 wind-field solution

U easterly component of the mean layer wind at each solu-
Ui'J tion matrix grid point for the previous wind-field solu-

Stion

U easterly component of the mean layer wind uted to initial-
ize the previous wind-field solution
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,Vi •northerly componc:'t of the mean layer wind at each solu-

J tion Matrix grid point for the previous wind-field solu-
tion

V northerly component of the mean layer wind used to init-
0 ialize the previous wind-field solution

After the initialization procedure has been completed, the input param-

eters are passed to the subroutine K2SOLV via SOLVMX for execution of

the Mesoscale Wind-Field Model described in Section 2.1.

Subroutine MXSOLV will allow the mesoscale routine to execute

for a maximum model time of approximately 7200 seconds for a cold start

and 1800 second-i for a hot start or until the solution converges, which-

ever occurs first. The subroutine begins to check convergence criteria

after 1200 seconds model time has elapsed for a cold start or 600 seconds

for a hot start. 1hc convergence criteria are then checked after every

application of the nine-point filter (after every seventh time-step if the

default value is u3ed). Subroutine MXSOLV begins the convergence check

by calculating the relative variance of the change in mixing layer depth

V1 -Z V(AHm) over the solution matrix accurdiag to the expression

Va (Alllnj H m; ij)i? .A )("A;i~j "2

rn i

- n' H (5-7)
In; ~i, Illi ,

El M i ~ n ' l

(u',i)2  
-n*m [ d (ri.1I- '~l 1M .I-I i,j) -i i J-1 i(j
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where

H' =layer depth calculated for the present Litim, step at each
m point in the n by m matrix

H layer depth for the previous time step at each point in

am

the n hy m matrix

The subroutine determines the slope of the curve describing VR(LHm) as

a function of time and the difference between V R(AHm ) at the present
and previous application of the filter. The solution is assumed to

have converged if the

* Slope of the curve describing VR(Alm) as a function of

time is equal to or luss than zero

* Present value of V1,(AH1) is less than the previous

value and the difference between the values is less

than or equal to I x 10

The Analysis Phase saves the converged Mesoscale Wind-Field Model solu-

tion and other parameters calculated in the Mixing-Layer Analysis Model

routines by passing them to the AMSORB data base. At this point HIXLYR

is termninated and control is returned to XECAMS.

5.2 DATA PROCESSOR PHASE OF AMSORB

* "The ANSORB executive XECAMS accesses the Data Processor Phase

by calling Supervisor DATPRO. Supervisor DATPRO passes program control

to tte Battlefield Source Characteristics Routine foreman SORDAT. or

passes program control to other data processor foreman routines.
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Figure 5-4 shows a block diagram of the Data Processor Phase

of AMSORB after program control is passed from Supervisor DATPRO. Foreman

SORDAT, which is also the main routine of the source characteristics program,

reads the first data card and calls one of the following source type

or category subroutines: RDSMK, BRNBR, BRNBL, EXPMUN, MUZZLE, or VMIOVE,

to read the remaining input data cards for the source category specified

in the first data card. These specific subroutines provide default values

and/or compute tho source input parameters particular to each type

source category. The default values and source model used for a particu-

"lar source category are based on the values and source models discussed

in the corresponding source category subsection in Section 3. These

Sroutines write all model input parameters to a mass storage data base

that is in turn referenced by the battlefield Environment Routine

(BEC) discussed in Section 5.3.3. After the processing of data for one

source is completed, a return is made by the category subroutine to

SORDAT to read the next set of source cards until an end-of-file card

is encountered.

At the users option, SORDAT calls DRVPRT to print source

characteristics tables containing input values and model input parameters.

J I DRVPRT utilizes the following subroutines in creating these tables:

PRTSOR, PaTSMK, PR'INS, PRTQC, PRTBBR, PRTBBL, PRTBVII, PRTEXP, PRTMUZ

and PRTVum. Program control is then returned from SORDAX to the Data

Processor Supervisor DATPRO which in turn passes control to XECAMS.

5.3 kPPLICATION PHIASE OF AMSORB

5.3.1 Foretman TRYDIF

Inspection of Figure 5-1 above shows the foreman TRYDIF of

the Applications Phase of AMSORB is comprised of the two operational

elements TRNPRT, and DIFFUZ. These operational elements perform .he
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I calculations outlined in the block diagram shown in Figure 5-5 after

receiving program control through the foreman TRYDIF from XECAMS and

Supervisor APPLY.

The subroutine TRNPRT calculates the trajectory of the cloud

centroid downw-ind from the source location using the output from the

4 Mesoscale Wind-Field Model routine and the procedures outlined in Section

2.2 above. Subroutine TRNPRT calculates a point on the trajectory at

4. intervals equal to one-tenth the spacing of the solution matrix of the

"* •; Mesoscale Wind-Field Model routine (default value is 500 ueters). At

each of the calculated points on the trajectory, tne subroutine also

.- determines the appropriate mixing-layer depth and wind speed for use

in the dispersion models, using the interpolation techniques described

in Section 2.2. After completion of the calculations, program control

is passed to subroutine OIFFUZ via TRYDIF.

* k= The subroutlne DIIFFUZ calculates concentration and dosage with

--------- optional cloud dcplvtLion due to decay and either deposition losses from

gt'a ittt io[II I,-Zttl I ing or precipitation UIt:avvenjt-ng, uN iti, the instan-

, -neoAw and continuou.-source dispersloit models described in Section 2.3
aLo, e At tihl- .t".r o upt iont , the prograit also calctilttvs concentration

and/or dosage isopleth half-Uidths at ea•ch point along the trajectory

St.for instantaneous Nources and eoncentration isopleth half-widths for

continuous sources. At the completion of the disporsion todel calcu-

Siations, the program writes the aolution to the AMSORB print file and

returns control tu XECARS.

• 5.3.2 Fortin MS3

Figure 5-1 showN that the Furvttan MS3 of the applicatiors&

-ph4s of AMSORB consists of the two prituary operational elements IECSOM

4and P1'OUT. Figure 5-6 is a block diagra4m showing the function of these

primary operational lett~e1IN after receiving program control through



:jfa

U) >-

P-4 ý

4j'4

ý4'

P-4 Q4

CUU

0 0.

M U.

V..

li-i F~Fj
I I "-~ Ii~i 4-

44-1~~ 0 -

0.0 0 ij 41 v

CJ:4 cz u



'SI

foreman MS3 from XECAMS and the Supervisor APPLY. Figure 5-6 also

shows the relatiorship between these primary operational elements and

subordinate elements.

Subroutine HIEI:SOM, supervises the number of times to be processed

in the time profiles, controls concentration calculations and contains

the MS3 Obscuration Model described in Section 2.4.1. For each time in

the time profile, this subroutine calculates the target, background and

cloud brightnesses which are then used to compute the time profiles of

probability--of-detect ion and transmittance. This subroucine also

passes program control to the subordinate routine ALLCN when a line-

integrated concentration is requiired, or when t•.c number of smoke cloud

elements and the concentration at each element are required. Program

control is passed back to foreman MS3 after completion of all calcu-

lations performed by subroutine Hi'CSOM.

The MS3 Dispersion Model described in Sýction 2.3.2 is con-

tained within routines ALLCN, CHIPT and CUIIN. Subroutiain HECSOM passes

the observer and target locations (a. end points of the line-of-sight)

to ALLCN. ALLCN control! the integration of concentration along the

"1 ino-of-sight bctwet% the observer and targrt and also performs the

ca!(:%-lation of line integroted concentrations between light sources and
the target, backgrountd artd cloud elements. ALLCN %so calculates th

number and position of cloud elements required to obtain An accurate

descrlptioa uf the cloo-j for u.ic in thc cloud brightntni ealeulattonsA
per :rmfed by Ehl .MSI Obscuratioll Model resident in RECSO04. When con-

cenatratioin at point- along the observer-Earget lino-4f-wight arc re-

quircd, -subroutiae ALLCN pasries control to TIPT o, CHIIN whore the eoncen-
] trat~on• .t the poitts arc caleulatcd ut-ing Nquation (2-40) or ('-64) after

which control is rcturnt. to ALLI'e. Program c3atrol is pa4ned back to

the calliai routine HLCSO. aitcr completion oi the cAlculations pcrfor*ted

in routino AILCN.
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"Subroutine PP"QT controls the print Output and writes all

calculations to a s.ave file for later use by the .;raphics Phase of

AMSORB. This routine serves the kLS3 Obscurant Dispersion and Obs).ura-

tion Models for print output and for saving all calculations in a data

file. Program control is r;Lurned to foreman MS3 upon completion of the

routine.

5.3.3 Foreman BEC

A' As shown in Figure 5-1, program control is passed to foreman

2r BEC from Supervisor APPLY. Subroutine IUEC contains most of the program

. logic of the Battlefield Envlronrent Routine. This subroutine reads the

1 user input data, determines which batLlefield sources may contr.bute to

the ob.qerver-targect LOS concentration, computes the probability of

. detvcttiA Lthe target, and prirtues and saves the calculation results.

Subroutines TKNtIRT, hI"FFUZ and ALLCN are called by svuroutine BEC.

Figure 5-7 shows. the relationship of these subroutines and foreman BEC.

Subroutine TRNIIRT has the same prograu, logic as described in

"Section 5.3.1. lt is us4d by Subroutine BEC to de~tcrmine the boundary

of activc battlefivld source- located within the battlefield grid and te.

computc the trajectory of clouds4 frow battlefield !ources.

Subrou~tiac DtF'UZ haz thE =ta logic as detcribwd in Section

5. It. It it unod by :ubroutitte B1:C to account for dispertsion from

;ourcCei di:Itatit fromu the litte-of-!tlght (Nqd Section 4.5).

Subroutint ALLUN hiA. the sati prograit logic az described in

Section 5.3.'Z. tt iti called by subrouti.qe BEC whn Art iratad

cottcentiration calculatiotl along a liao i% r'quirvd. When-a subbroutitme BFC

it cotftputing thv loud brightnezzs in the probabiicy of dcroetilo cAlcu-

;l.tiun, ALL.N i: alo call4d to computc the nu.bcr. position and cotecen-

tratiott of the cloud clcta-:tn required ' o Appro ibtek the cloud. for

S- 1 s;
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quasi-continuous sources, ALLCN calls subroutine CHIPT to calculate the

concentration at a point on the line-of-sight. CHIPT has the same logic

as discussed in Section 5.3.2. CHUN1 and LNSRC arc similar in purpose

to subroutine CIIIPT.

5.4 GRAPHICS PHASE OF ANSORB

Figures 5-8 and 5-9 show block diagrams of the Graphics Phase

of A.ISORB. The program routine PLTPRG is the Supervisor that: controls

all graphics outpkt.

For tc.e outputs from the Miritng-layer Analysis Model routine

I-[ and ".he Trajectory/Transport Dispersion Model c4ppiication routine, PLTPRG

Sretrieves the solutions from the data files and prints and/or plots th, solu-

ons on oprto..i as directed by the user fhrougb XECAWqS ar9 shown in Figure

5-8. (J)tlos tzt'iude the printing And plotting of intermdiat-re and final

wind-field patterns produced by the mesoscale model, isopleths of con--

centration and dc.age, cloud trajectories and mixing-layer depth contours.

The plovted solutions are shown on a base map of the solution matrix

[ grid with a background of terrain-height contours. The subroutine

S(abled -4c004 in Figure 5-S plots and labels the axe, of each plot and

tthe corratin htight contout-s are added to the plot by subroutines IIECO05

and HECQO9. Wind vectors are calculated and plotted by subroutine

UR0006. The ptogvans cLn, in subroutine HECOO8, recalculate (at the

iL atr's option) A'didional cloud trajectorio.e for other source locations

Cu-sg the wind-fleld dolution in the ANSORU data hase. The supervisor

PLTPRG ean also calula4te and display eoaeancratio,, and dosage isoplet•h

fuo additionai lewiý at the u.ser's oti)n. This feature is useful if

t.•he In tt•lally-r ,t• •ed lvels do not s"tA u details it which the. user tos

intertsted or if tho inirtial ,kevols arv either so larege or so wmall that

"they do not oceur in te saolutionl matrix. It whould be noted that

PLIPRG or itS s-ubroudtife de noc recalcutlate the wind-jield tnr the

I 6
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dispersion parameters, but use information from the last solutions to

recalculate additional trajectories and isopleths. The subroutine

HEC007 controls the plotting of the relative variance of the change in

layer depth, the relative variance of the change in momentum, and the

total mass and total momentum as a function of model solution time. As

noted in Section 5.1, the relative variance of the change in layer depth

is used as criteria for establishing that the Mesoscale Wind-Field Model

solution has converged. Since the Mesoscale Wind-Field Model theoreti-

cally conserves mass and momentum, the plots of total mass and momentum

versus model time are useful in monitoring the effects of numerical

approximations in calculations of the wind-field solutions.

For the MS3 Routine output, PLTPRG passes program control to

subroutine SMKPLT. Details of subroutine SMKPLT are shown in Figure 5-

9. Subroutine SMKPLT retrieves the output data from data file SMKFIL

and passes program control to subroutine SOMU1P along with the ploL

option chosen by the user through PLTPRG. Depending on the plot option

chosen, subtoutine SOMUP passes program control to subordinate routines

. when necessary. As shown in Figure 5-9, subroutine DLINE plots the

solution line whi._h represents either linie-of-sight integrated concen-

cration, probability of detection or transmittance. Subroutine PROBAX

plots the probability-of-detection axes, subroutine CHIAX plots the

line-of-sight integrated concentration/trainsmittance axes and subroutine

T I UEAX plots the time axes. Program control is passed from subroutine

* ISOMUP back to subroutine SXKPLT. and then from SMKPLT to routine PLTPXG

whell all plot output has beea acconpliahed.

At the completiun of the plotting and print operations from

"th Graphics Phane, program contr.I is returned from routitw PLTPRG to

.XECA&S

•ji ! •



SECTION 6

EXAMPLE CALCULATIONS

The Analysis and Application Phases of XMSORB are used to ill-

ustrate the capability of the battlefield environment components (BEC)

of AMSORB to calculate line-of-sight integrated concentrations and

probability of detection for meteorological conditions that occurred

in t~e vicinity of WSMR during 14 November, 1974. These meteorological

conditions have previously been used, for example, to illustrate the

capabilities of the Mesoscale Wind-Field Model (Dumbauld and Bjorklund,

1977) and the MS3 component (Dumbauld, Saterlie and Cheney, 1979).

The surface weather pattern in the western United States on

the 12th of November was characterized by a high-pressure ridge extend-

ing from the Pacific Northwest southeastward to Texas. The high-pressure

ridge began to break down on the 13th of November with the rapid approach

of a low-pressure system moving into the central U. S. from western

SCanada. The cold front associated wi'h this system tended to remain

east of the Rocky Mountains as it pushed south and east during the day.

By the morning of the 14th, the low-pressure cell had moved into the

-' northeast and the cold front extended southwestward through the eastern

U. S., into Texas and northeast Mexico, then abruptly northward along

"V the eastern slopes of the Rockies. The cold front had actually passed

El Paso during the night from the "back-door," or moving from east to

west. The passage was not accompanied by significant weather at WSMUI,

but broken middle and high clouds were reported. The high-pressure sys-

Ltem behind the cold front had moved over WSMR by the morning of the 1Sth

of Novembor and calm winds w',re reported at many surface &tationt in the

area.

The tetmprature profilts from ravn-a.nonde observations made at

Al Paso during the period are shown in Figure 6-1. Inspection of Figure

6-1 shows that the cold front had not r hed EI Paso by 1700 L on the
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13th of November. By 0500 L on the 14th, the cold front had passed El

Paso and the temperature inversion at about 800 millibars tassociated

with the frontal surface persisted in the rawinsonde observations made

at 1700 L on the 14th and 0500 L on the 15th of November. Surface

observations made at E1l Paso indicate that relatively shallow surýace-

based inversions formed during the nighttime and were eliminated ý'y

surface heating during the early morning hours. The mesoscale wind-

field solution for 0700 L on the 14th of November is shown in Figure 6-2.

Southeasterly winds dominate the flow pattern in the southern portions

of the Tularosa Valley and the Valley Jornada Del Muerto west of the

Organ Mountains. The San Andres, Organ and Sacremrktno Mountains

extend above the depth of the surface mixing layer and form an

effective barrier to the southeasterly flow, diverting the wind flow

in the surface layer nortliward in the northern portion of Lhe Tularosa

Valley.

Section 6.1 below illustraces thL- use of the Battlefield Source

I Characteristics Routine (SORDAT) to define a battlefield scenario.

Example calculations ot obscuration information for this battlefield

scenario are described in Section 6.2.

6.1 EXAM1PLE 5ArTLEFIEUL SCENARIO

The Battlefield Source Characteristics Routine (SORDAT) de-

scribed in Section 4.2 is used to generate the battlefield scenario in

the form of a battlefield source location and characteristics data

base file. For illustratlon purposes. we have uaed the smoke and dust

,ýsources ahoun in Table 6-1 for our calculations. As indicated in

Table 6-1. w have used 4 amoke munitions, 3 dust clouds from exploding

munltions. burning brush/vegvtatton, a hurning building and 6 muzle

blasts from a lSS-ea artillery piece. The last sourev in the table,

labeled with a -ource identifieation ntuber of 204. is used with the

other soureoa in a ,second problem described in Section 6.2. The loca-
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TABLE 6-1

SOURCES USED IN THE EXAMPLE CALCULATIONS

ource So Time of Source coordinates*
Identification Source Source Release X z y, z
* Nudberit I Category Description (hr iiis) (i)Number [h~i~s m

Smoke101 155 mm IIC 9:37:10 380000,3636000,0
102 Smoke

102 Munition 105 mm HC 9:37:15 374000,3639000,0

Smoke 155 mm XM825
103 Smunition W8 wedge 8:40:00 376000,3613000,0

Smoke 155 mm MIIOE2 8104 Munition bulk8:30:00 412000,3582000,0

S201 Explosive 155 n 9:39:00 3201Munition artillery 9

E202 xplosive 155 nun202 Munition artillery 9:34:18 377000,3643000,0

203 Explosive 8 i 9:21:46 373000,3621000,0Munition artillery

301 lurning Brush ser Entered 8:53:00 374000,3621000,0
• Vegetation Burning Brush

-:-I 401 Burning Burning 9:38:00 378000,3643000,3
4 Building Building

51Muzzle 155 nun
B triy501 9:14:45 386000,3632400,2S~Blas t art illery

S, Muzzle 1 55 mm
502 9:37:19 386000,3632395,2•9Blast artillery

503Muzzle 155 ,m
3 Blast artillery 9:37:17 386000,3632390,2

504 Mu~z1v 155 I= 9:37:15 386000,3632385,2Blast artillery
SMuzzle 155 mal505 05le ,15 y 9:37:13 386000,3632380,2

Blast artillery
)Murzle 155 MM,06la 155lr 9:37:11 386000,3632375,2

506Blast artillery
•: i204Explosive. 155 MM

204 9:39:19 380300,3636300.0Munition artillery

coordinates of the centroid
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tion of these sources with respect to the line-of-sight between the

observer, target and background is shown by the "X" marks in Figure 6-3.

Figure 6-4 shows the card input data to SORDAT. The user

instructions for completing this card input are given in Section A.3 of

Volume 11. The first data card directs the AMSORB executive routine

XECAMS to call SORDAT. Because the executive variable I PE3 (column 9

of the first data card) is greater than zero, SORDAT expects FORTRAN

NAiMLIST input data using name QLST4.. The QLST4 input data are shown, in

the second data card. The remaining input data cards, except the last

card, describe the source types, locations, release times and other

required information. For example, input data cards 3 through 5 in

Figure 6-4 describe source number 101 in Table 6-1, the 155 mm HC smoke

munition. The number 101 is arbitrarily assigned as the source identi-

fication number. Following the instruictions for smoke munitions in

Section A.3.1 of Volume II, the number in column 7 identifies this card

as the first card for this munition. The number 1 in column 11 sig-

nifies HC smoke. The value of 0 in column 14 signifies a 155 mm HC

munition. Columns 16 through 20 contain the number 93710 indicating the

munitions bursts at 0937 hours and 10 seconds in local time. Finally,

the UTM x and y location of the burst and the burst height are given in

the required columns of card number 1. The second card for the 155 M

HC smoke projectile shows the number 2 in column 7, indicating this is

the second data card for this source. The rest of the columns on this

card are blank because we will use the program default data for the 1455 mm

HC munition. Tho third card for this source is also blank except for the

3 in colh,, 7 indicating the third data card for this source and the value

45 appearing in columns 39 and 40. The value 45 indicates the smoke

projectile approached the burst location with an angle of 45 degrees frum

Sgrid north (towards the northeast). The retaining data cards are com-

- pleted in a similar manner followitng the user lustruetions given in

Section A.3 of Volume II. The last input data card iadicate3 an end of

data to the computer program. The SORDAT routine also requires the mass
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storage data base file SIMKDAT described in "ection A.8 of Volume IT.

The data input example in Section A.7 of Volume IT ensures that SMKDAT

is assigned in the runstream.

The optional print output produced by SORDAT is shown in

Figures 6-5 and 6-6. These output tables contain all the source input

information required by the dispersion and plume rise models. For

example, the exact position of the 4 canisters comprising the 155 mm

HC smoke munition labeled with source identification numiber 101, the mas

of each submunition, the burn coefficients, source dimensions (siginas)

and heat content of each submunition are shown in Figure 6-5. Figure 6-6

contains additional information for the same submunitions. Two output

tables are presented because not all information could be included in

a single output table. Some information is repeated in the output tables

"for user convenience. Also, for user convenience, the output tables are

partitioned into different categories of battlefield sources, i.e.,

',ok• munition sources, burring brush/vegetation sources, burning

oL~ilding sources, etc.

1' t'he appropriate dispersion model and plume-rise model iniput

L data ar.Ž also written to the bartlefleld source location and chd-acter-

istics data base file BECSOR (described in Section A.8 of Volume I) for

* tsubsequent use in the transport and dispersion model calculations.

6.2 BAT'I'[I.E:i 1lI) LNVI RKONHENT ROUT!INE (BIWC) CALCULATIONS

Vim
Two solutions of BEC are described. The first solution is for

all tlhe sources shown in Table 6-1 except the source identified as 204

. and the second solution includes 204. Figure 6-7 shaws the card input

data to BEC. The first data card directs the ANSORB executive routine

""XCAMIS to call h{C in the Applicationý. Pltisv of AMSORR wid the remainLug

Z11 . cards are read by BEC. As discussed in Section A.4 of Voume it, BEC
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uses the FORTRAN NAMELIST method of card input associated with NAMELIST

name QLST2. The third card in the sequence specifies the time the user

desires to obtain the solution, either in terms of line-of-sight inte-

grated concentration or obscuration information. Figure 6-7 shows that

a solution is desired for 0940 local time. The fourth card in the

sequence defines the coordinates of the observer (Xo, Yo, Z ) and
0 00

target (Xt, Yt, Z t) and the distance DISBAK between the target and

background along the line of cight. The values in card 4 of the se-

quence correspond to the locations of the observer, target and background

shown in Figure 6-3. Besides card input data, BEC requires mass storage

data base files as input. In this case, the mesoscale wind-field solu-

tion shown in Figure 6-3 (from file MXLYRF), along with file BECSOR,

SMKDAT and WSTRRN were used in the calculations. These files are dis-

cussed in Section A.8 of Volume II and the example runstream for assign-

ing these files is given in Section A.7 of Volume II.

Figure 6-8 shows the print output produced by BEC for the

first data case (source 204 omitted). The data bgse idenLti.ers are

output first to show the user the time and date of the computer run, the

solutiotl Lime, zhe time and date of the mesoscale wind-field solution,

and the date and time the battlefield source location and characteris-

tics data base file was gener.ced using SORDAT. The user generated

* input for the observer, target, and background locations are listed

next, followed by the calculation results.

As shown in Figure 6-8, BFC has calculated a line-of-sight

integrated concentration (combined dust and smoke) of 1.41 x 10 milli-

grams per square meter and a transmittance in the visible (.4 - .7 Jim)

of 0.108. For our example pr-oblen 29 of the total of 34 individual

sourcea were considered in the cowcentration and obscuration calculations.

* That is. 6 sources were- xcluded from the calculation either because they

were not rleased at a time that allowted them to bW in the vicinity of

the lino-of-tight At the caeulation time or becaut the sourcea are

us
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located in regions where winds will not carry the material through the

line-of-sight (for example, sources 202 and 401 in Figure 6-3). Figure

6-8 shows that the calculated target brightness is 620 candles per
-2 -2square meter (cd m ), the background brightness is 345 cd m , and the

observer to target and observer to background brightness of the obscur-
-2ant cloud are 948 cd m . The calculated target-background contrast is

0.21 for our example calculation, which yields a probability of detection

equal to or greater than 95 percent. The output also indicates that all

visibility model computations were performed and that there were 11

cloud elements along the line-of-sight used in the obscuration calcula-

tions. In addition to the printed output, BEC outputs results of the

calculattons and model inputs to the mass storage data base file BECSOL,

discussed iv more detail in Section A.8 of Volume II. For this data case,

the BEC calculations required 290 seconds of UNIVAC time.

Figure 6-9 shows the results of calculations made for all the

sources described in Table 6-1, including the source identified by the

number 204. In this case the line-of-sight integrated concentration is
54.7 x 10 milligram per square meter. Since the sum of the products of

* the line-of-sight integrated concentration of each pollutant and its'

"respective coefficient of attenuation in the visible (.4 - .7 Jim) is

greater than 11 (see Section 2.4.2) for the user specified calculation

time with the addition of the source identified as 204, AMSORB does not

make the time consuming brightness calculations. Instead the trans-

mittance is automatically set to zero and the probability of detection

is less than 5 percent. For this data case, the computation time is a

littlti greater than 2 seconds, or more than a factor of 10 less than the

calculation time required when the brightness calculations had to be

made when the source identified by 204 was omitted from the scenario.

20?
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